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FOREWORD

The Fifth Annual Report c¢f the Air Force Machinability DNata
Center (AFMDC) covers work performed under Contract F33615-
69-C-1112 from October 1, 1968 through July 31, 1969. The
work described in this report covers that accomplished under
project no. SM 810/8975. It also cites statistics covering
the 4-3/4 years’ that AFMDC has been in operation. This
Center is operated for the Air Force Materials Laboratory,
by Metcut Research Associates Inc., 3280 Rosslyn DPrive,
Cincinnati, Ohio 45209.The manuscript was released bythe
author, John Maranchik, Jr., Director of AFMDC, in October
1969 for publication as an AFMDC Report.

This effort is being administered under the direction of the
Air FPorce Materials Laboratory, Wrigzht-Patterson Air Force
Base, with Mr. E. L. Horne (MAAM) as project engineer.

The author wishes to acknowledge the contribution by Mrs.
Charlotte Crockett who assisted in the preparation of this
publication.

Your comments are solicited on the potential utilization of
the Air Force Machinability Data Center as applied to your
present or future production programs.

This report has been reviewed and is approved.

Edward Dugger v :

Chief, Materials Information Branch
Materials Support Division

Air Force Materials Laboratory



ABSTRACT

FIFTH ANNUAL REPORT OF THE

AIR FORCE MACHINABILITY DATA CENTER

John Maranchik, Jr.

This is the Fifth Annwal Report of the Air Force Machinability Data
Center covering period October 1, 1968 through July 31, 1969 (Contract
F33615-69-C-1112). Three thousand and seven hundred and eighty (3,780)"
documents were processed from which 33,868 cards were key punched. Cur-
rently, there are 19,721 evaluated documents and 149,951 punched cards
in AFMDC files. One thousand and one hundred and forty one (1,141)
specific inquiries were answered for 520 different organizations, rep-
resenting 753 individuals in 106 different SIC categories in this 10-
month period. The average number of inquiries was 114 per month. Since
the Center’'s operation began in October 1964 a total of 4.456 specifiec
inquiries have been processed.

The average cost of inquiries equaled $55.19 per inquiry.

The data acquisition plant visit program was continued and since late
1966, 56 visitations have been made, primarily to aerospace firms.

Statistics are presented on cost savings by AFMDC Users. Through July
31, 1969 it has been estimated, very conservatively, that these savings
amount to $45,093,500.00.

A summary is presented of AFMDC’s proposed output recovery cost plans.

Work continued on investigating relationships between machining vari-
ables and work materials.

This abstract has been approved for public release and sale; its dis-
tribution is unlimited.
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PREFACE

This report covers a 10-month period of operation from
Octoner 1, 1968 through July 31, 1969. It is presented
primarily in the form of individual charts which are self
explanatory with regard to organization of the Center and
the results of its efforts, including costs. For each in-
dividual chart, the Appendix provides some further com-
ments concerning various aspects of AFMDC during its fifth
year of operation.

For a complete analysis of the progress made by the Center
from its early inception to the present, the following five
references should be reviewed:

‘‘Final Report on the Design of a System for
Collecting, Evaluating and Disseminating Ma-

chinability Data for Aerospace Materials’’,
Technical Documentary Report Nr. ASD-TDR-63-572,
July 1963, AD-416743.

‘‘First Annual Report of the Air Force Machin-
ability Data Center’’, AFMDC 65-2, February
1966, AD-482278.

‘‘Second Annual Report of the Air Force Machin-
ability Data Center’’, AFMDC 66-4, February
1967, AD-813037.

‘‘Third Annual Report of the Air Force Machin-
ability Data Center'’, AFMDC 67-8, February
1968, AD-829879.

‘‘Fourth Annual Report of the Air Force Machin-
ability Data Center’’, AFMDC 68-6, October 1968,
AD-844920.
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To: Recipients of AFMDC's Fifth Annual Report

Correspondence concerning this Fifth Annual Report
should be sent to Mr. Robert E, Snider, the new Director
of the Air Force Machinability Data Center (AFMDC).
On November 20, 1969, Metcut Research Associates Inc.
accepted the resignation of Mr. John Maranchik, Jr.,

as Director of AFMDC and as an employee of Metcut,

Mr, Snider has had 37 years of experience in the field
of machining and manufacturing, including 13 years at
North American/Columbus in manufacturing engineer-
ing and supervision. He has served as a machining data
analyst and supervisor of technical inquiries since com-
ing to AFMDC in 1964, In August of this year, he was
appointed Assistant Director. His various duties at the
Center have given him a good insight into the problems
of information technology, particularly those relating to
material removal.

Mr, Snider will report to Dr. John F. Kahles, Vice
President and Director of Information Technology. Dr,
Kahles developed the machining data center concept at
Metcul, directed the design study leading to the estab-
lishment of AFMDC, and served as its first Direzror,

AFMDC's pioneering in machining information services
has attracted worldwide attention and has already stimu-
lated design studies for machining data centers in coun-
tries such as England, Germany and Japan. Under Mr.
Snider's direction, we expect to continue our close
working relationships with the material removal industry
in the United States and even to enhance the scope of our

services currently being funded by the Materials Informa-

tion Branch of the Air Force Materials Laboratory under
Contract F33615-69-C-1112,

Michael Field, President
Metcut Regsearch Associates Inc.

November 1969
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DESCRIPTIOR OF AFMDC

AIR FORCE MACHINABILITY DATA CENTER, 3980 Ressiyn Drive, Cincinnati, Ohio 45209,
Operated for the Air Force Materials Laboratory, Materials Support Division, under
Contract F33615-§9-C-1112, by Metcut Research Associates Inc.

SCOPE

The Air Force Machingbility Data Center (AFMDC) collects, svaluates, stores, and disseminates
paterial removal information including spacitic and detailed machining dotes for the bensfit of
industry and goveinzent. Strong emphasis is givan to snginsering svaluation for the purpose
¢f developing optimized material removail porameters, such ps speeds, fesds, depths of cut,
too! matecisl and geometry, cutting fluids snd other significant variables. Dats are being
processed for all typas of materiale and for ail kinds of material removal operations such as
turning, milling, drilling, tapping, grinding, etectrical discharge machining, eisctrochemicsl
machining, stc

COLLECT!ON

AFMDC has a mechanized system in which punch cards sre used to store and retrieve ail types of
material removal information includiug all significant numerical data. An IBM 1130 computing
system is being used for staring and processing data irom a master card and disk file and for
computer decoding. The foca! concept for acquisition, interrogation, or presentation aof infor-
mation ie the specific material (with definita chemical, physical, or mechanical propertiss)
and the speciiic material removal operation hsing used. When necessary, card source control
codes may be used to retrieve original documents which are in document storage at AFMDC.

{NFORMAT |ON SERVICES

AFNDC piaces sirong amphasis on providing specific and detailed answers to technical inquiries
in the field of material ramovai, A User Fils, consisting of important users in the field of
material removal, has been develr,¢ to receive information produc.s including machining data
camphlats snd tahles on materiais of current intersst, state-of-the-art rsparts, technical
announcements, and other appropriats items. Services are available without charge to the
nerospace industry, Department of Defenga (including all of the military services and their
contractors), and other government sgencies, technical institutions, and non-miil tary
industries in a pasition to assist the defenss sffort,

TO REQUEST MACHINING INFORMATION . . . . . ..

Teisphone: §13-271-9510
THX: 810 - 481-2340 or
Write: Air Force Machinability Data Center

3080 Rossiyn Orive
Cincinnati, Dhig 43208

TO HELP US ANSWER YOUR INQUIRY, IF POSSIBLE PLEASE:

1. tdentity the aaterial bsing machined (specification or tradename); condition, (as cast,
hot ralled, cold drawn, annealed, quenched and tempered, etc.); microstructure and
hardness,

2. fdentify the matarial removal operation in guestion (turning, milling, drilling, tepping,
surface grinding, electrical discharge machining (EDN), electrochemical machining (EQM),
ete. ).

3. Specify reasons for requiring data unless your nweds are proprietary. This enables AFMDC
to Lronden the scope of its technical advice.

4. Specify delivery requirements.

5. Indicate to whom the inquiry repiy shouid be sent,

8. Transwit ai| details concerning presant practices, including feeds, spesds, cutting too!
material and geometry, cutting fluids, ete., in the avent your inquirfy pertains to
improvemen: of an existing machining situstion.

1T T

NOTE: Association of the names of companies ond individucls with specific requests is kept
confidential., However, data developed remain the property of AFMDC for dissemination as
required for answering similar inquiries and for developing data products.

SEE APPENDIX, PAGE A-1 1
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AFMDC OPERATIONAL AREAS

At AFNDC, personne! shown in Figure 1, page 2, work in ten functiona) areas of
operation, These are indicated below along with the numbers used for time coding

purposes;

Administration

Engireering Suparvision

Systems Analysis

Machining Data Anaiysis

Data Processing

Data Control

Document Acquisition and
Document Storage

Data Dissemination

Nachining Oata
Yerification ~
Experimental Machining

Secretarial and Clerical

SEE APPENDIX, PAGE A-2

J

Administration of technical and general
activities of AFMDC

Technical activities inciuding all mech-
anized handling of data and processing
of inguiries

Design of the machinability data system,
particularly processing

Technical evatuation of machinability
data and information including Pre!limi-
nary Sereaning

Opzration of a mechanized system
including a computer

Superimposition and use of controls
to guarantee proper operation of data
processing system

Acguisition of all types of data and
information for processing. Storage

of documents including those which have
received Final Technical Evaluation and
those in process

Dissemination inciuding duplication and
printing

Laboratory and shop work necessary for
tesolving highly significant and contro-
versial data situations

Development and execution of all proce-
dures relating to typing and filing

e
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AFMOC OPERATIONS CHART

SYSTEM INPUT
(DOCUMENT )

MEDIUM CONTAINING MATWININ
INFORMAT (ON,

DOCUMENTS ARE BROADLY OFF tueD

AS ANY

SYSTEM ANALYSIS

OPERATIONS ARE CONTROLLED AND

MCDIFIED AS REQUIRED BY AFMOC — — — 7 — = 7

STETIMS ANALYSIS.

T
| —
ODCUMENT CONTROL |
Frrmary DacyminT CONTROL FORMS ARE FILLED
ACQUISITION OUt AND ?nxc::n ?o ALL DOCUMENTS, | - '
~ SOURCES -
CURRENT PERIODICALS i
DEFENSE DOCUMENRTAT ION
CenTir {DOC) Y
NATIONAL AERONAUTICS & ' “ ¥
SPACE ADMINISTRATION I € __i
{NASA) PREL IMINARY SCREENING (PS) = i
CLEARINGHOUSE FOR DOCUMENTS CONTAINING MACHINING ENFORMATION [ 2 !
FEDERAL & SCIENTIFIC AND DATA ARE SELECTED. Br REVIEWING MULT!= 3 ___-i
TECHMICAL JNFORMATION SUBIECT PERIODICALS, DOCUMENTS CONTAINING 1 > ’
ATOMIC ENERGY COMMISSION i MACHINING INFORMATION ARE IDENTIFIED AND | lu’
(AEC) : REPRODUCED. INDIVIDUAL ART(CLES ARE THEW MA
DEFENSE METALS INFORMA- ATTACHED TO SELONDARY DOCUMENT CONTROL ‘ THe
Tiow CENTER {DMIC) FORMS . I L—>— PRA
MANUFACTUR ING PLANTS SE
TECHNICAL MEETINGS ! 14
B0OKS, CATALOGS, House A 5q
ORGANS | se
INQUIRIES PROCESSED AT [ DA
AFMDC FINAL TECHNICAL EVALUAT{ON (FTE)
DOCUMENTS CONTAINING DETAILED DATA ARE ! :
EVALUATED AND CODED FOR CARD STORAGE, | ':g‘V’g:zEmD —
I ASS I STANCE :
! DIRECT CONTACT 15 ENG
¥ MADE BY THE MACHIN- —— MG
| ING DATA ANALYST OF 140
I AFMDC wiTH TECHNI= ;::
CALLY QUALIFIED MEN
BATA PROCESSING N INDUSTRY AND
CARDS RESULT (NG FROM PROCESSING ARE PUNCHED AT THIS POINT, ‘ GOVERNMENT WHENEVER
{ INFORMAY LON AND DATA
PRELIMINARY FinaL TECHNICAL ARE NOT AVALLADLE
SCREENING EVALUATiON EQuUIFMENT USED } ;RON gOCWEN' OR
TARD STORAGE.
POTENT: AL SouRCE INDEX . KEvPuNCH l i
OF INFORMATION NUMERiCAL DaTA VERIF(ER |
B1BL10GRAPKHY TooL=CuTTing SORTER
FLuip 1BM 1130 COMPUTER [
UNITERM
APERTURE I
DATA LINK i 3. GENERAL DISSEMINATION
TICKLER | OF MACHINING INFORMATION
PUBLICATION tN PERIODICALS
I TECHN 1 CAL MEETINGS
L ] COMMITTEE MEETINGS
* | CONFERERCES
DOCURENT STORAGE ! ExposiTions
ACTUAL DOCUMENTS | :ch VisiToRs
PUNCH CARD DISK STORARE ARE STORED. WHEN | LANT VIS(TS
STORAGE SPACE LIMITATIONS MATERIALS SUPPORT DIiVISION
ARE ENCOUNTERED, | [sPoNsOR of AFMDC)
MASTER CARL Disk FILES OF MIiCROFfLM WiLL BE
FILES ARE UniTERM, INDEX USED. NOWSIGNIF I }
MAINTAINED AND I1NQUIRY CANY MACHINING l
TO CREATE DATA ARE USED DOCUMENTS ARE NOT
AND UPDATE FOR SEARCHING STORED, HOWEVER, |
COMPUTER FILES To ANSWER THE DOCUMENT CON. |
OISR FILES INQUIRIES. TRou FORMS FOR
THESE ARE RETAINED |
iN DoCuMENT
STORAGE. I
I
[
‘ !
|
FIGURE 2 4
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CONS18TS oF:
1. AMNSWERING SPECIFIC INQUINIES, ’ —
OPERATIONS ARE CONTROLLED AND - 2. ProDucinG Co PRZHENSIVE DATA Pmopucts -
_———— MOD(FIED AS REQUIRED BY AFMDC - == OF SPECIFIC AND TIMELY INTEREST 7O :
SYSTEMS ANALYSIS. INQUSTRY AMD GOVvERNMEAT,
3. GENERAL DISSEMINATION OF MACHINING :
INFORMAT ION, H
1 H
ke
| i
3
| }.  SPECIFIC INGUIRIES ;
pﬂ' CONTROL i i
kustncg Forms ARL FiLLED INQUIRIES ORIGINATE FROM: -E
JO ALL DOCUMENTS. | e ] INDUSTRY — i
| GOVERKMENT ;
EDUCATICNAL INSTITUTIONS 3
TECHMICAL SOCIETIES
A ] INFORMATION CENTERS
™
} § . :
SCREENING (PS) 2 = :
WG MACHINING IMFORWATION | ° e -
FED. BY REVIEWING MULTI- ‘ 3 -
k., DOCUMENTS CONTAINING INQUIRY CONTROL
ON ARE IDENTIFIED AND | INQUIRTES ART LOGGED :N. ALL NECESSARY InFOA-
OUAL ARTICLES &RE THEN NMATION IS ENTERED ON AR INQUIRY CONTRCGL Fomu,
hey DocuMENT ConTROL | THE FOLLOWING CODES ARE ASSIGNED FOR CARD
L]
l PROCESS ING:
siC
| INQUIRY TYPE ) o ) )
Saurce ConTroy {identifies inquirer)
o ] SEQUENCE
! DATE RePLIES TRANSMITTED
L EVALUATION (FTE)
G DETAILED ODATA ARE I -
> FOR CARD 5TORAGE, | {NDUSTRY A!'lb
GOVYERNMEN
| ASSISTANCE MACHINING DATA ANALYSIS
' DIRECT CONTACT IS ENGINEERING PERSONNEL ARE ASSIGNED TO EACH
K MADE 8Y THME MACHIN- INQUIRY. REPLIES ARE TRAMSMITTED TO THE
I ING DATA ANALYST OF INQUIRER, AND THE INQUIRY INFORMATION {S§
AFMDC WiTH TECHNI= ENTERED INTO THE SYSTEM AS A PRiMaRy
| CALLY QUALIFIED MEN DOCUMENT .
| IR ENDUSTRY AND
AT THiS POINT, GOVERMMENT WHENEVER -
| INFORMATION AND DATA
ARE NOT AVAILABLE
W1 PMENT UsED | Fhou gocuuem oR
TARD STORAGE.
Lrpunen ! 2, DATA_PRODUCTS i
IRIFIER ' 2 i
IRTER N 5 b
B 1130 Coueurer I COMPLETE LISTING AND DESCRIPTION OF i i
l
| 3. GEMERAL DISSEMINATION DATA PRODUCTS ARE SHOWN IN FIGURE 28, : .
| OF MACH INING INFORMATION H i
PUSLICATION IN PERIODICALS PAGE 45. % T
| TECHNICAL MEETINGS :
| COMMITTEE MEETINGS H
| CONFERENCES H
XPOSITIONS :
UOCUNENT STORAGE e woNs s :
ACTuAL DOCUMENTS ; PLART VISITS
ARE STORED. W
5“:2 Ui?””:i: | MATERIALS SUPPORT DIViSiON USER FILE
ARE ENCOUNTERED | {SPONSOR OF AFMDC) THE USER FILE CONSi5TS OF: .
MICKOFILM WILL ;: MAJOR MISSILE AND AEROSPACE MANUFACTURERS AND B
USED, NONSIGNIF I | THEIR SUBCONTRACTORS .
::Anr.ncmnlnc. I DEPAR TMENT OF DEFENSE (INCLUDING ALL OF THE
DOCUMENTS ARE NOT MitiTARY SERVICES AND THEIR CONTRACTORS}, AND N
STORED, HOWEVER | OTHER GOVEAMMENT AGENCIES ,
THE DOCUMENT Cen NONMILITARY |NDUSTRIES IW A POSITION TO ASSIST .
TRoL FORMS FOR | THE DEFEMSE EFFORT
THESE ARE RETAINED | A:::?::Céou?:’:::'“ ASSOCIATION (AIA) Mawurac-
IN DOCUMENT
STORAGE . | COLLEGES AND UNIVERSITIES
tMFORMAY |ON CENTERS
i TECHn 1CAL SOCIETIES
| TRADE PuBL iCaT 1ONS .
AFMDC 1NQUIRERS
MATER 1aLS ApviSoRy Boarp (MAB) Coum:iTiers
* 1 TotaL - 5315 (7/31/69)
|
.
4 SEE APPENDIX, PAGE A-2
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DISTRIBUTION OF AFMDC USER FILE

| The basic User File was developed as indicated in Appendix, Page A-4. Names are
; added to the User file as s result of 1) inquirers, 2) visitors, 3) additional names

submitted by current Users, 4) requests resulting from dissemination of data pro-
; ducts, and 5) technical articles published in periodicals and announcements pertaining
to the Center.

o AR

et sistia
2

GENERAL CONCENTRATION OF USERS BY NUMBERS

ST2TES ORGANIZATIONS TOTAL NO, ORGANIZATIONS STATES* §NDIVIDUAL TOTAL INDIVIDUAL USERS
4 0 0 4 0 0 f
17 1-10 107 15 1-25 218 :
18 11-25 275 1" 26-50 313
: 3 26-50 108 10 51-125 681
By § 51=-100 aro B 126-300 1,285
] 8 OVER-100 1,208 5 OVER-300 2,768
:l
1 AREA_CONCENTRATION OF ORGANIZATIONS
i
i West Coast (3 states) - 253 companies
L North Midwest (5 states) - 735 companies
S Northeast (5 states) - 604 companies i

These figures indicate that 77% of User companies lie in 25% of the United

States,
The total User File (5,315), can be broken down as follows: ‘
Company Users (Individuals) 4,335 :
Companies 1,742
:! College Users (Individuals) 790
b Colleges 211
g
! Societies, Centers, etc, (Individuals) 190
Societies, Ceuters, etc. 119 ;
i
i
* Includes Washington, D.C. {
|
;
: {
! 3
6 SEE APPENDIX, PAGE A-4 %
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PRINT REQUEST TO
SET SEARCH
FIELD SWITCHES
AND HEAD ING

PRINT REQUEST
TO "'SET PROGRAM
FUNCTION SWITCHES

FLOWCHART FOR FORTRAN PROGRAM TO STORE, ADD TO, OR SEARC

TaMpARE
MAUHIN NG
UPFRATIONS OF
STARCH & Pl
RLCOKDS

READ SEARCH
SPECIFICATION
-UMP ARE
CARD MATERLAL
GROUPS OF
FILL

—--—

-
|
SEE NOTE 2 1

- ..*___.-J

t
|
w -

INiTIAL IZE AND

LOAD NEW INITIALIZE FILE

INQUIRY FILE RECORD NUMBER

ON DISK FOR SEARCH=USE
UTOMAT IC

INDEXING HEREAFTZR

SEE NOTE 3 j

| |

[

HARDNESSES

OF SFARCH AND
ADD RECORDS

TOEXISTING
INQUIRY FILE
0N N SK

DATA SWITCH

DATA
SWITCH 14

READ NEXT
RECORD ON
INDEX PARAME TER
F1LE

(COMPARE
COMPANY

DATA swirtcH

ANDTIIF
RELORNS

COMP ARE
DIVISION

Enres!
{. Pauses give the operator time to set the data switches.
2. The 1130 Fortran Compiler contains n feature which alloes autnmatic in-
zrementing of disk file record numbers when files are referenced; the
prograM, of course, employs this feature only for the first reference to AN p
each file record, DATA SWITCH 11 CODES OF SEARCH
ANDFILF
3. Because of fixed-block file structure on the 1130, maximum file economy JECORDS
is obtained (in this case) hy storing index information and uniteras for
each inquiry in corresponding recurds nf separntes disk files.
FIGURE & 8




FORTRAN PROGRAM TO STORE,

ADD TO, OR SEARCH INQUIRY FILE

CompARL
MACHIN NG
OPERATIONS OF
FARCH & Fii¥

RECORDS,

DATASWITCH 3

DATA SWITCH 7

TomPARL
MATER | AL
GROUFS OF
FARCH & FILE
RECORDS

COMPARL
HARDNESSES
OF SEARCH AND

COMPARE

DATA SWITCH (O

CoMPARE
DIVISION

COMPARE
INDIVIDUAL

COMF ARE
YFARS uF
SFARCH AND
FILE
REZOROS,

READ
CORRE SPOND | NG
URITERM FiLE

MFARE

RECORD

PRINT THIS
FILE RECORD

SEE APPENDIX, PAGE A-7
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ANALYS!S " F INOUIRIES BY STATE

Octo: 196 - July 31, 1968

18 STATES LEADING INQUIRIES

—_—
STATES COMPANIES INDIVIOUALS N0, OF INQUIRIES

CALIFORNIA 148 288 460
CONNECTICUT 47 76 142
fLLinNots 96 135 221
INDLANA 80 tHG t6s
MASSACHUSETTS 64 95 161
MICHIGAN 97 159 263
NEW JERSEY 56 166 219
NEw YoRK 113 185 303
OHlo 304 586 1178
PENNSYLVANTA 114 188 279

TOTAL 1099 1928 3397

OTHER STATES SUBMITTING IMOUIRIES

ALABAMA 9 2 16
ARIZONA 13 23 a7
ARKANSAS 4 4 4
CoLarADO 10 23 42
DISTRICT OF COLUMABIA 14 20 29
DELAWARE 2 19 31
FLORIDA 13 25 72
GEORG!A 4 15 19
Hawai1 i 1 1
lowa 9 11 i5
KAaNSAS 9 13 19
KENTUCKY 14 24 49
LOuti SaNA 3 8 13
MAINE 7 8 14
MARY LAND 26 34 54
MIXNESOTA 18 26 35
MissisSIPPI 2 2 2
M1ssourf( 12 39 95
NEBRASKA 2 2 2
NEW HAMPSHIRE 6 6 7
NEw MExtco 3 13 24
NORTH CAROLINA 8 10 24
OKLAHOMA 3 13 ao
OREGON 5 6 10
RAODE |SLAND 8 3 13
SOUTH CAROLINA 4 4 8
TENNESSEE 1 24 65
TEXAS 22 43 93
UTAH 5 7 tt
VERMONT 12 19 40
VIRGINIA 1o 28 49
WEST VIRGINIA 8 9 19
WASHINGTON 8 30 45
WIis INSIN 24 36 57

TOTAL KR 562 1059

TOTAL FOR ALL STATES 1417 2430 4s §

FIGURE 18 20 SEE APPENRIX, PAGE A-11
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GENERAL AMALYS!S OF INQUIRIES

FEBRUARY 1, 1966 - JULY 31, 1969

TYPE OF INQUIRY

NO. OF
INQUIRIES

AVERAGE PER
MORTH

NO. OF
INQUIRIES

AVERAGE PER
MOATH

2/1/66-9/31/68

2/1/66-9/31/68

10/1/88-7/31/68

10/1/68-1/31/89

ONE OPERATION ON ONE MATER!AL GROUP

ONE OPERATION ON A VARIETY OF MATERIAL
GROUPS

SEVERAL QPERATIONS ON ONE MATERIAL GROUP

SEVERAL OPERATIONS Ow SEVERAL MATERIAL
GROUPS

UNITERM LINKED WITH AN OPERATION AND/OR
GROUP

GENERAL MACHINING CONCEPTS (UNITERM)

10TAL

360

225
652

445

415
623

2,720

1.3

7.0
20.4

13.0
19.4

85.0

142

155
165

206

235
238

1, 141

23.5
23.8

114,1

ANALYSIS OF INQUIRIES BY MATERIAL GROUP

FEBRUARY 1, 1066 - JULY 31, 1989

HD. OF AVERAGE PER NO. OF AVERAGE PER
MATERIAL GROUP INQUIRIES MONTH IKQUIRIES NONTH
2/1/66-8/31/88 2/1/66-8/31/68 | 10/1/68-7/31/69 | 10/1/68-7/31/69
PLAIN CARBON & LOW ALLOY STEELS 732 22.9 222 2.2
ULTRA HIGH STRENGTH & TOOL STEELS 604 18.9 176 17.6
CAST 1RON 193 6.0 82 8.2
STAINLESS STEELS 685 21.4 154 15.4
NICKEL ALLOYS 167 5.2 107 10.7
MARAGING STEELS 289 8.0 103 10.3
HIGH TEMPERATURE ALLOYS 890 27.8 292 29.4
TITANIUM ALLOYS 705 22.0 180 18.0
REFRACTORY ALLQOYS 469 14.7 tio 11,0
BERYLLIUM ALLOYS 194 6.0 57 5.7
ZIRCONIUM ALLOYS 99 3.1 42 4,2
ALUMINIUM, MAGNESIUM, ZINC,
LEAD & COPPER ALLOYS 315 9.9 96 2.6
PRECICUS & RARE METALS 22 .7 .8
POWDER METALS 9 .3 6 .6
NONMETALLICS INCLUDING CERAMICS,
PLASTICS, GRAPHITE & COMPOSITES 308 9.6 80 8.0
T0TAL 5,681 177.8 1,117 17117
L]
B SEE APPENDIX, PAGE A-12 21 FIBURE 17
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ANALYSiS OF INQUIRIES BY TYPE OF MACHINING OPERATION

FEBRUARY 1, 1966 - JULY 31, 1868

NO. OF AVERAGE PER NC. OF AVERAGE PER
OPERATION INQUIRIES RONTH INQUIRIES MONTH
2/1/66-9/30/68 | 2/1/66-8/30/68 10/1/68-7/31/69} 10/1/68-1/31/69
LONVENTIONAL CH)P REMOVAL
TURNING 1269 39.7 319 31.9
BOR ING 183 5.7 66 6.6
MILLING (GENERAL) 169 5.3 165 16.5
FACE MILLING 1011 31.6 260 26.0
END MILL SLOTTING 934 29.2 182 18.2
PERIPHERAL END MILLING 479 15.0 174 17.4
SLAB MILLING 46 1.4 18 1.8
THREAD MILL ING 46 1.4 13 1.3
ALL OTHER TYPES OF MILLING 59 1.8 15 1.5
DRILLING 17s 35,7 300 30.0
GUN DRILLING 61 1.9 20 2.0
REAMING 777 24.3 160 16.0
TAPP ING 861 27.0 166 16.6
GEAR CUTTING 29 .9 9 .9
BROACHING 155 4.8 a3 4.3
ROUT I NG 30 .9 7 .7
BANDSAW ING s 3.6 17 1.7
HACKSAW I NG 54 1.7 19 1.9
TOTAL 74563 232.9 1953 185.3
COMVENTIONAL GRINDINE
GENERAL GRINDING 110 3.4 21 2.1
SURFACE GRINDING 73! 22.8 66 6.6
CYLINDRICAL GRINDING 371 11.6 33 3.3
INTERNAL GRIND ING 76 2.4 8 .8
CENTERLESS GRINDING 39 1.2 7 .7
GEAR GRINDING 27 .8 3 .3
THREAD GRINDING 28 .9 4 .4
ABRASIVE MACHINING 24 .8 5 .5
ABRASIVE BELT GRINDING 27 .8 5 .5
ABRASIVE CUTOFF 37 1.2 5 .5
HON{NG 17 .5 3 .3
TOTAL 1487 46.4 160 16.0
ALTERNATE MACHINING METHODS
ELECTRICAL DISCHARGE MACHINING 162 5.1 48 4.8
ELECTROCHEMICAL MACHINING 155 4.8 43 4.3
ELECTROCHEMICAL GR (ND ING 66 2.1 27 2.7
CHEMICAL MACHINING 120 3.8 20 2.0
PHOTOCHEMICAL MACHINING 7 .2 - -
ULTRASONIC MACH INING 30 .9 11 1.1
ELECTRON BEAM MACHINING 28 .9 2 .2
LASER MACHINING 37 1.2 6 .6
1ON BEAM MACHINING 7 .2 - -
ABRASIVE JET MACHINING 6 .2 1 o
ELECTRO-STREAM MACHINiNG 9 .3 4 .4
TOTAL 623 19,7 162 16.2
MISCELLANEOUS
BURN | SHING 15 .4 3 .3
CONTROLLED ENERGY MACHINING 6 .2 1 .1
SUB-ZERO MACHINING 16 .8 1 .
HOT MACH INING 6 .2 - -
POL ) SHING 11 .3 3 .3
THREAD ROLLING 5 .2 1 K
FLAME CUTTING 5 2 - .
TOTAL 64 2.0 g .9
TOTAL 0633 392.0 2284 228.4
FIBURE 13 22 SEE APPENDIX, PAGE A-12
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AIR FORCE MACHINABILITY DATA CENTER
SUMMARY OF SPECIFIC INQUIRIES BY SiC* NUMBER
October 1, 1968 - July 31, 1888
NUMBER OF INQUIRIES
sie
MAJOR Sic BY SIC By SIC * OF
GROYP INDUSTRY INDUSTRY MAJOR BROYUP TOTAL
NO NO. NO, .
91 FEDERAL GOVERNMENT 133 '8
9100 U.S. DEPARTMENT ofF DEFENSE 4
9100 USAF = WRIGHT FIELD 16
8100 USAF -~ APO, NEW YORK 5
9100 USAF - TINKER AIR FORCE Base 2
9100 U.S. ArMY 8
9100 U.S. NAvY 3
9100 NAT:ONAL AERONALTICS & SPACE ADMINSTRATION 11
9190 BSDA DEPARTMENT OF COMMERCE 2
2190 NATIONAL BUREAU OF STANDARD 1
**9191 STATE TECHNICAL SERVICE PROGRAMS at
9192 SMALL BUSINESS ADMINSTRATION a6
19 DRDNANCE AND ACCESSOGRIES 12 .5
27 PRINTING, PUBLiISHING, AND ALLIED §NDUSTRIES i2 1.1
28 CHEMiICALS AND ALLIED PRODUCTS 7 .6
29 PETROLEUM REFINING AND RELATED INDUSTRIES 17 1.4
32 STONE, CLAY, GLASS, AND CONCRETE PRODBUCTS 14 1.2
33 PRIMARY METAL INDUSTRIES 49 4,2
34 FABRICATED METAL PRODUCTS, EXCEPT ORDNANCE, MACHINERY, 44 3.8
AND TRANSPORTATION EQUIPMENT
35 MACHINERY, EXCEPT ELECTRICAL 267 23.4
36 ELECTRICAL MACHINERY, EQUIPMENT AND SUPPLIES 88 7.7
37 TRANSPORTATION EQU{PHENT 337 29.5
3721 ATRCRAFT AND MISSILES 186
3722 ATRCRAFT ENGINES & ENGINES PARTS - 70
MISSILE ENGINES
3729 ATRCRAFT PARTS & AUXILIARY EQUIPMENT = 49
MIsSSILE PARTS
QTHERS 3z
PROFESSIONAL, SCIENT|FIC, AND CONTROLLING
kL] INSTRUMENTS: PHOTOGRAPHIC AND OPTICAL GOODS: 7 .6
WATCHES AND CLOCKS
39 JEWELRY, PRECIOUS METALS 3 .3
50 WHOLESALE TRADE 13 1A
* Standard Industrial C! ification | i ]
Bureau of the Budget, t;;;;fzca ton Manual (SIC). Executive Office of the President,
** This SIC Number Was Assigned Becuuse of the Special Significance of the State Technica! Sertvice Program
FIGURE 20 24 SEE APPENDIX, PAGE A-13
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NUMBER OF INQUIRIES
SiC
MAOR a8y Sic BY SiC
GROUF 'NDYSTRY MAJOR GROUP % OF
ND. NO. __ND., TOTAL
73 MISCELLANEDUS BUSINESS SERVICES 43 3.7
82 EOUCATIONAL SERVICES 8B 4.9
86 NONPROF IT MEMBERSH P ORGANIZATIONS 5 .4
89 MISCELLANEOUS SERVICES 35 3.¢
TOTALS 1141 100.0%
25 FIGURE 20 (cent.)
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SUMMARY OF INOUIRIES PROCESSED BY AFMDC FOR STSP* & SBA**
Dctober 1, 1968 - July 31, 1869

NUMBER OF INQUIRIES FOR STSP*

STATE NO. OF INOUIRIES

VERMONT

ARt 7ONA
INDIANA

MA I NE
MINNESOTA

On10
WaSHINGTON, D.C.
MICHIGAN
MISSOUR)

NORTH CAROLINA
WEST VIRGINIA
GEORGI A

NE¥ YORK
PENNSYLVANILA
TENNESSEE
TEXAS

VIRGINIA

i—‘—‘——-—‘-NNNNWU@Ld&U\G\

TOTAL

>

NUMBER OF INQUIRIES FOR SBA**

STATE NO. OF INQUIRIES

TEXAS
WASKINGTON, D.C.
PENNSYLVANIA
OH1O
MASSACHUSETTS
New YORK

CAL |FORNI &
MICHIGAN
COLORADRD
MINNESCTA
WASHINLTON

I
l...._mmuuammo

TOTAL

o
(e}

STSP* - STATE TECHNICAL SERVICES PROGRAMS

SBA** - SMALL BUSINESS ADMINISTRATION TECHNOLOGY
UTILIZATION PROGRAMS

SEE APPENDIX, PAGE A-13 27 FIGURE 22
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COMPANIES & AGENCIES SUBMITTING INQUIRIES TO AFMDC

October 1, 1964 - September 30, 1968

ABex CORPORATION, ManwAn, N.J.
ABORN, DR. RoOBERT H., MiLLINGTON, N. .
ACF INDUSTRIE€S, INC., ALBUQUERQUE, N.M.
ACCURATE BusHinG CoMmpany, GARwooD, N.J.
ACCURATE DIAMOND TooL CorRP., HACKENSACK, N.J.
ACRALGC CORPORATION, CAK RIDGE, TENN.
ADAMAS CARBIDE CORP,, KENILWORTH, N.J.
ADAPTO, GOODYEAR, ARIZ.
ADKINS & HUMINIK, ALEXANDRIA, VA,
AEROJET-GENERAL CORPORATION, Azusa, CALIF,
AEROJET-GENERAL CORPORATION, CLAREMONT, CALIF.
AEROJET-GENERAL CORPORATION, DOwNEY, CALIF,
AEROJET-GENERAL CORPORATION, SACRAMENTD, CALIF.
AEROJET-GENERAL CORPORATION, DAYTON, Oni0
AERONCA INC., MIDDLETOWN, OHI(O
AEROPROJECTS INC., WEST CHESTER, Pa.
AEROQU P CORPORATION, JACKSON, MiCH.
AEROOUIP CORFORATION, VAN WERT, OH:D
AEROSPACE CORPORAT!ION, SAN BERNARDINO, CALIF.
AEROSPACE RESEARCH APPLICATIONS CENTER,
BLOOMINGTON, IND,
AR FORCE HEADQUARTERS, WASHINGTON, D.C.
AIR FORCE REPRESENTATIVE, THE MarTIn Co.,
DENVER, CoOLO.
AIRESEARCH MANUFACTURING COMPANY, PHOENIX, ARIZ.
AIRESEARCH MANUFACTURING COMPANY, Los ANGELES, CALIF.
ALco PRopucTs, INC., ScuenecTapy, N,Y.
ALEXANDER & ASSOCIATES, CINCINNATI, OHIO
ALLEGHENY=LuDLUM STeEEL Corp., Dunkirx, N.Y.
ALLEGHENY-LuDLUM STEeL CoRP., PITTSBURGH, Pa.
ALLIANCE TooL CoMPANY INC., S5T. Louis, Mo.
ALLIED CHEMICAL CORP,, MORRISTOWN, N.J,
ALL1S-CHALMERS MANUFACTURING CoMpANy, NorwooD, OHiO
ALL1S-CHALMERS MANUFACTURING COMPANY, MILWAUKEE, Wisc.
ALTAMIL CORPOURATION, CHAMBERS AIRCRAFT DIV.,
SHELBYVILLE, IND.
ALUMINUM COMPANY OF AMERICA, LAFAYETTE, IND.
ALUMINUM COMPANY OF AMERICA, PITTSBURGH, Pa,
ALUMINUM SMELTERS RESEARCH INSTITuTE, CHicaco, lLL.
AMACOiL TooL DivisioN, CHICAGO, ILL.
AMBERG & USLER, INC., EAST ORANGE, N.J.
AMERICAN AIRLINES INC., Tutsa, Ckta.
ANSRICAN BoscH ARMA CORPORATION, SPRINGFIELD, MASS.
AMERICAN BOSCH ARMA CORPORATION, GARDEN CiTy, N.Y.
AMERICAN BRAKE SHOE COMPANY, ELYRIA, Oxi10
AMERCAN Busingss DEVELOPMENT, L0S ANGELES, CALIF.
AMERICAN CAN COMPANY, SAN FRANCISCO, CaLIF.
AMERICAN CAN COMPANY, GEeva, N.Y.
AMERICAN CYANAMID COMPANY, SANFORD, Me.
AMERICAN HELLER CORPORATION, DETROIT, MicH,
AMERICAN INSTITUTE OF AERONAUTICS, LOF ANGELES, CALIF.
AMERICAN INSTITUTE OF MINING METALLURGICAL &
PETROLEUM ENGINEERS, New York, N.Y.
AMERICAN IRON AND STEEL INST., NEW YORK, N.Y.
AMERICAN LAUNDRY MACHINERY INDUSTRIES, CINCINNATI, OH1O
AMERICAN MacHiINe & Founpry Co., YOrRk, Pa,
AMERICAN MACHINIST, CLEVELAND, OHIO
AMERICAN' O1L ComeaNy, CHICAGD, ILL.
AMERICAN O1L COMPANY, WHITING, IND.
AMERICAN SAwW & MANUFACTURING COMPANY,
EAST LONGMEADOW, MASS,
AMERICAN SOCIETY FOR METALS, METaLs PARK, DH10
AMERICAN SOCIETY OF ToOL & MANUFACTURING ENGINEERS,
DEARBORN, MiCH.
AMERICAN TooL COMPANY, KALAZAMOO, MICH,
AMERICAN TOOL WORKS, CINCINNATL, OHiQ

FIGURE 23
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AMERICAN WELDING & MANUFACTURING CD,, WARREN, OHIO
AMES LABORATORY, AMES, lowa

AMETEK INC., SELLERSVILLE, Pa.

AMMUNICAT 1 ON PROCUREMENT & Su=PLY AGENCY, JOLIET, ILL.
AMPCO MeTAL INC., MILWAUKEE, WISC.

AmPHENOL CORPORATION, CHICAGD, fLL.

Amrec, inc,, Prasooy, Mass.

ANDERSON BROTHERS MANUFACTURING Co., ROCKFORD, lir.
ANDREwS A!R FORCE Base, WAsHINGTON, D. C.

ANOCUT ENGINEERING CoMPANY, ELk CGROVE VILLAGE, ILL.
Anzon Company, INC., EL MONTE, CALIF.

Arzx CORPORATION, INDIANAPOLIS, IND.

APl CORPORATION, Miami, Fra,

ArpLi€Ep OCEANICS, LOS ANGELES, CALIF,

ARGONNE NATIONAL LARORATORY, ARGONNE, ItL.
AR120NA STATE UNivERSITY, TEMPE, ARIZ.

ArR1zZONA, UNIVERSITY OF, TUCSON, ARIZ.

ARKWIN INDUSTRIES [NC,, WESTBURY, N.Y.

ARMCO STEEL CORPORATION, TORRANCE, CALIF.

ARMCO STEEL CORPORATION, BALTIMORE, MD.

ARMCO STEEL CORPORATION, CINCINNATI, CHIO

ARMCO STEEL CoPPORATION, MIDDLETOWN, OHIO
ARMSTRONG BLUM MfGg. Company, CINCINNATI, OHIO
ARMY PROCUREMENT DISTRICT, CHICAGO, ILL.

ARNO ADHESIVE Tare, INC., MICHIGAN CiTy, IND.
ARO, INC., ARNOLD AR FORCE STATION, TENN.

Arcsow GearR CoMPANY, DOWNERS GRoOVE, lLti,
ARROwSMITH TooL & MFGg. CoRP., LOS ANGELES, CALIF,
ASTRO MET ASSOCIATES, INC,, CINCINNATI, OHiO
AsTrO TecCH, INC., MINNEAPOLIS, MINN,

ASTROSYSTEMS INTERNATIONAL INC., ROCKAWAY, N.J,
Ari INDUSTRIES, csconDIDO, CALIF.

ATLANTIC RESEARCH CORPORATICN, GAINSVILLE, VA.
ATLANTIC RICHFIELD COMPANY, PHILADELPHIA, Pa.
ATLAS ALLOYS, CLEVELAND, OHio

ATLAs PorRTABLE EQUiPMENT CoO., OAK PARK, MicH,
AUTOMATION ACCESSORIES INC., CINCINNATI, OHIC
AUTOMAT ION ACCESSORIES INC., DayTon, Owi0
AUTOMAT ION INDUSTRIES INC., ABILENE, TEX.
AUTOMATION INDUSTRIES, INC., STERLING, VA.

AUTC TIVE SERVICENTER INC., BALTIMORL, MD.

AvcO CORPDRATION, STRATFORD, CONN.

Avco CorPORATION, RICHMOND, IND.

Avco CORPGRATION, WESTBORO, Mass.

AvcO CORPORATION, WILMINGTON, Mass,

Avco CORPORATION, COLDWATER, OHIOQ

Avco CORPORATION, NASHVILLE, TENN.

Avey MacrINE Tooi CoMPANY, COVINGTun, Kv.
AVIATION WEEK & SPACE TECHNOLOGY, NEw YORK, N.Y,
AVILDSEN TooL & MACHINES INC., NEw YORK, N.Y.

BAcHAN MANuFacTurinG Co., PoMmPanG BeAaCH, FLa,
Backer TooL & DIE, CINCINNATI, OHIO

BApGER, F. SiDNEY, WOODLAND HiLLS, CALtF.
BADGETT & SMITH AsSOCIATES INC., CINGINNATI, QOHiO
Baker O1L Toors InNc., Los AneceLes, CALIF.
BarLowin-LimaA-HAMILTON, BURNHAM, Pa,

BaLl. BRos. Researin Core., BouLbEr, Colo.
BARBER-COLMAN COMPANY, ROCKFORD, ILL.
BArRRY-WEHMiLLER COMPANY, ST, Louis, Mo.

BatH IRON WoORKS, BatH, Me.

BarTELLE MEMORIAL INSTITUTE, LOs ANGELES, CALIF,
BATTELLE MEMORIAL INSTITUTE, COLUMBUS, OHIO
BATTELLE MEMORIAL INSTITUTE, RICHLAND, WASH,
BAuscH & LomB INCORPORATED, ROCHESTER, N.Y.

BAy Swiss MFG. Co., INC,, EL SEGUNDO, CALIF

SEE APPENDIX, PAGE A-14
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BDSA DEPARTMENT OF COMMERCE, WASHIYUGTON, D.C.
BEECH AtRCRAFT Co., WICHITA, KaNn,

BELL HELICOPTER COMPANY, FT, WoORTH, Tgx.

BELL & HOweLL RESEARCH CENTER, PASADENA, CALIF,
BELLOWS=VALVAIR CORFORATION, CINCINNATI, OHIG

BeLolt CoRPORATION, BELO!IT, WISC.

BFLoIT EASTERN CORPORATION, DOWNINGTON, PA.
Benpix CorroraTiON (THE), SouTw Bepnp, IND.
BenDIx CORPORAT'ON (THE), GREENFIEID, MASS,
Benp1x CORPORATION (THE), DETROIT, Mich.
Beno Ix CORPORATION (THE), ScUTHFIELD, MICH,
BeEnDix CorPORATION (THE), Kansas CiTy, Mo.
BEND Ix CorRPORATION {THE), TeTERBORO, N.J.
BEND Ix CoRPORATION (THE), SiDNEY, N.Y.
Benoix CorporaTion {THE!, Yorx, Pa.

BENEDICT-MILLER INC,, LYNDHURST, N.J.

BENNET TECHNICAL SERVICES INC., CINCINNATI, OHID

BENRUS WaTCH COMmPANY, WATERBURY, CONN.

BERCO MANUFACTURING COMPANY, WATERBURY, CONN.

BERYLLIUM CORPORATION OF AMERICA (THE),
HazeivTon, Pa,

BERYLLI UM CORPORATION OF AMERICA {THE),
READING, PaA,

BESLY-WELLES CORPORATION, SouTH SeLor?, ItL.

BESLY-WELLES CORPORATION, CINCINNATI, OHIO

BETHLEHEM STEEL CORPORATION, BETHLEHEM, PA.

BicGer Company, C, M., READING, OHIO

BLACK & DeckfrR MFG. Co., Towson, Mo.

BLiss CoMmPANY, E.W., SOUTH PORTLAND, Me,
Bogirng CoupaNy (THE), WHCHITA, KaN,
BocinG Company (THE), NEW ORLEANS, La,
Boeing COMPANY [THE), PHILADELPHIA, PaA.
Boeing Company (THE), AUBURN, WASH.

Bog ING CoMPANY (THE), RENTON, WASH.
BoEING COMPANY (THE), SEATTLE, WASH.

Bomar Comrany, CINCINNATI, QHlO
Booz ALLEN APPLIED RESEARCH INC., New Yomrk, N.Y,

B0o0Z ALLEN APPLIED RESEARCH INC., INDEPENDENCE, QHIO
Borc-WarRNER CORPORATION, CHiCAGO, ILL.

BORG-WARNER LORPORATION, DES PiA iNES, lLL,
BorG-WARNER CORPORATiON, FREMONT, UHIO

BosTroM CORPORATION, MiILWAUKEE, WisC,

BRAD FooTE GEAR WORKS INC.,, CiCERO, ltL.

BRANDS MACHINING COMPANY, PORTLAND, Pa.

Brass & Bronze INsTITUuTE, CHICAGD, ILL.
BRIDGEPORT BrAss CoMPANY, [ND1ANAPOLtS, IND,
BRIDGEPORT, UNIVERSITY OF, BRIDGEPORT, CONN.
Bri1cGs & STRATTON CORPORATION, MiLwAukEE, WiscC,
BRigHAM YOUNG UNIVERSITY, Provo, UTaH

BROOKsS & PerxINs INC.., DETROIT, MicH,

BrRowN & RoeT INc., HousTON, TEx.

BrowN & SHARPE MANUFACTURING Co., D yTON, Ohto
BRUBAKER TooL CorpPORATION, MILLERSBURG, Pa.
BRUNSWICK CORPORATION, MUSKEGON, MICH,

BrRUsH BerYLL (UM CoMPANY (THe), HavywaArRD, CALIF.
BrusH BeryLLIUM CoMmpANY (THE), CLEVELAND, OMIO
BrRUSH BeEryLLium Company (TWE), ELMORE, ORriO
BUCKEYE FOUNDRY CoMpany, CINCINNATI, OHIO

Bubo ComPANY, Negwark, DELA,

BUeErRK TooL & MacHINE CORPORATION, BufFfaLo, N,Y.
BuHR MacHiIne TooL COMPANY, DETROIT, MICH,
BULLARD ComPaNy, (THE), BRIDGEPORT, CONN,
BUNKECR-RAMO CORParATiION, CLEVELAND, OHiO
BURGESS-NORTON MANUFACTURING CO,, GENELVA,
BuRGMASTER CORPORATION, CINCINNATI, OHIO
BurRNDY CORPORATION, NORWALK, CONN,

BURSON MARSTELLER ASSOCIATES, NEW YORK, N.Y.

fie.

CaplLLAaC Gace Company, COSTA Mesa, CALIF,

28

CApDiLLAC GAGE COMPANY, ROSEVILLE, MICH,
CALIFORNIA GENERAL INC,, CHuLA VisTa, CALIfF.
CALIFORNIA STATE PrRisoN, SaN QUENTIN, CALIF,
CALIFORNIA, UNIVERSITY OF, LIVERMORE, CALIF.
CamCaR SCREW & MANUFACTURING CO,, ROCKFORD,
CaMERON 1HON WORKS, Houston, TEx.
CARBORUNDUM CoMPANY {THE), N1aGarRA FaLLs, N.Y.
CARLISLE CHEMICAL WORKS INC., READING, OHIO
CARLTON MacHiNg Toot Company, CINCINNATI, OHIO
CARNEGIE INSTITUTE OF TECHNOLOGY, PITTSBURGH, PA.
CARPENTER STEEL COMPANY (THe), READING, Pa.
Carr TooL CompaNy, NoRwooD, QHIO
CARRIER AIR CONDITIONING CO., SYRACUSE,
CATERPILLAR TRACTOR COMPANY, DEACATUR,
CATERPILLAR TRACTOR COmMPaNY, PEORIA,
CaviTRON Ut TRAsONICS, INC., LONG FStaND,
CDS ENGINEERING INC., SANTA CLARA, CALIF.
Ceemco, CiNCINNATI, OHio
CELANESE CORPORATION, NARROWS, VA,
CenTRAL FABRICATORS Inc., CINCINNATI, OHIO
CENTRAL MACHINE WORKS, INGIANAPOLIS, IND.
CeNTRO CORPORATION, DAYTON, OHIO
CHAMBERLAIN MANUFACTURING CORPORATION, WATERLOQO,
CHANDLER EVANS INC., WEST HARTFORD, CONN.
CHAseE BrAss & COPPER CO., SaLon, OHlo
CHASE MANHATTAN Bank, New YoRrk, N.Y.
CHeMCuT CORPORATION, STATE COLLEGE, PA,
CHicaGo CutTing DIE CoMPANY, CHiCAGO, ltL.
CHICAGO PneuMaTic TooL Co., UTica, N. YL
CHicAGO PROCUREMENT DETACHMENT, CHi1CAGO, L.
CHROMALLOY AMERICAN CORP., WesT Nyack, N.Y.
CHRYSLER CORPORATION, NEw ORLEANS, LA,
CHRYSLER CORFORATION, DEARBORN, MICH.
CHUCK ING MACHINE PRODUCTS INC., FRANKLIN PARK,
CINCINNATE LATHE & Toot CoMPANY, CINCINNATI,
CINCINNATIE MiLLING MacHINE COMPANY (THE),
CINCENNATE, OHiO
CINCINNATE MILL InG MACHINE Company (THE),
WILMINGTON, OHIO
CiNCINNATI MINE MACHINERY CO., CINCINNAT], OHIOD
CINCINNATI SHAPER COMPANY, WHITEWATER, ORIO
CINCINNATI SuB-ZERC PRODUCTS INC., CINCINNATI, OHIO
CiNCINNATI, UNIVERS!TY of, CINCINNATE, DOHID
CiTRUs CoLrecE, Azusa, CALIF.
CLEARINGHOUSE FOR FEQERAL SCIENTIFIC & TECHNICAL
INFORMATION, SPRINGFIELD, VA,
CLECO PNEUM TiC, CINCINNATI, DHIO
CLEVELAND AUTOMATIC MacHINE TooL CO., CINCINNATI, DHIO
CLEvELSAND PNEUMATIC TooL Co., (THE), CLEVELAND, OHiQ
CLEVELAND Twi1sT DRiLL COMPANY, CLEVELAND, OHIO
CLeviTeE CORPORATION, CLEVELAND, OHIO
CLimMax MoLygpenum Co., New York, N.Y.
CLimco PROpucCTs INC., CINCINNATE, OHIO
CoBALT INFORMATION CENTER, CoLumBUS, OHIO
COLLINS RADIO COMRANY, CEDAR RAPiIDS, lOwa
COLLINS RADIO CoMrANY, DaLLAS, TEx.
CoLT INDUSTIRIES INC., BELOtT, WiscC.
COMMERCtAL SCREw PropucTs, INC., CLEVELAND, OHIOQ
ComsTOCK & WESCOTT INC., CAMBRIDGE, Mass,
Conax CORPORATION, BuFFaLO, N.Y.
CONCORD=RENN CoMPANY, CINCINNATI, OHiO
CONTINENTAL AVIATION & ENGINEERING CORP.,
DeTROIT, MICHL
CONTINENTAL AV:ATION & ENGINEERING CORP.,
Touepo, OHIQ

It .

N.Y.
lLe.
fee.
N.Y.

lowa

i,
OHi0

CONTINENTAL Corpgr & SveEet Co., BRAEBURN, Pa.
CONTINENTAL~EMSCO CoMPANY, GARLAND, TEx.
CONTINENTAL MOTORS CORPORATION, MUSKEGON, MICH.

CONTINENTAL TooL CompANY, DETROIT, MICH.

FIGURE 23 (cont.)

RIS

A 2a vt

SOPURPREN

§
E
¥
g

Biaib i e - s



k.
! CONTROL MECHANISMS INC,, PHILADELPHIA, PA. EASTERN KENTUCKY UNIVERSITY, RICHMOND, Ky,
] ‘ ConNTROLS COMPANY OF AMERICA, JACKSONVILLE, ARK. EASTERN KODAK COMPANY, RUCHESTER, N.Y.
: H CONVER STEEL & Wire Co. INC., NEw YORK, N.Y. EATON YaLE & TOwNE INC,, SAGINAW, MICH.
! Coors Co., INC., H. F., INGLEwOODK CALIF, EATON YALE & TowNE INC.,, SouTH Euctid, QHIO
i ﬁ Coors PORCELAIN COMPANY, GOLODEN, COLO. EcivRES INC,, NoRwocD, OHio
‘ COPAT CORPORPATION, BEECH GROVE, IND. EDMUNDS MANUFACTURING CO., FARMINGTON, CONN.
CORDELL ASSOCIATES, L0S5 ANGELES, CALIF. E1S AUTOMOTIVE CORPORATION (TWE), MIDDLETOWN, CONN,
; i CORHART REFRACTORIES COMPANY, BUCHANNON, W. VA. E1TeL-McCuLLOUGH INC,, SAN CarLOs, CALIF
b i CORNELL AERONAUTICAL LABORATORY INC., BuFfFaco, N.Y,. ELANO CORPORATION, XENIA, OHIOQ
! i CoRNiING GLAass Works, CoRNING, N.Y. EvLasTic Stor«NuT CoRP, OF AMERICA, UNI1ON, N.J.
t ! CORPLAN AssociaTes, CHicaco, oL, ELECTRIC STORAGE BatvTery Company (THE), 3
o Cox MANUFACTURING CO., INC., SAN ANTONIC, TEX, PHILADELPHIA, PA,
h : CRAFTNEEDS INC., CINCINNATI, OHIG ELECTRICAL MACHINING INC., CINCINNATL, OHIO
i H CRANE COMPANY, CHiICAGO, liLL. ELECTRO-JET TooL ComPany, CINCINNATI, OHIO 2
Ko CRANE ComPANY, New CASTLE, Pa. ELECTRO-METHODS, INC., SOUTH WiNnnsor, Conn,
!r CRUCBLE STEEL COMPANY OF AMERICA, CINCINNATI, OH!Q ELECTROF tM, Inc., NORTH HoLLYWOOD, CALIF.,
ﬂ CRUCIBLE STEEL COMPANY OF AMERICA, PITTSBURGH, PA, ELECTRON:C SPECIALTY CoMPANY, PoRTLAND, ORE. 3
ﬂ CuMMiINS ENGINE COMPANY INC,, CoLumBus, IND. ELLIOTT COMPANY, JEANNETTE, Pa. k.
i CURTISS-WRIGHT CORP,, CALDWELL, N.J. ELox Corp, OF MICHIGAN, Trov, MICH. 3
% CuRT1ss-WRIGHT CORP., WooOD-RIDGE, N.J. EMBOSOGRAPH DisPLAY MFG., Co., CHicaso, lLL. %
CURTISS-WRIGHT Corr., BufFraLo, N.Y. EMERSON ELECTRIC COMPANY,LOS ANGELES, CALIF. %
CustoMm TooLing Co., CINCINNATY, OHIO EMERSON ELECTRIC COMPANY, 3T, LoOuis, Mo, k
CvCLors CORPORATION, BRIDGEVILLE, PA. EMI, CINCINNATL, OHIO f
CycLoP5 CORPORATION, PITTSBURGH, Pa. ENGINEERING SOCIETIES Li1BRARY, Ngw York, N.Y, E
ENGis EquiPMENT CO., MoriCcN GrOVE, liL. E
DAwMo VicToR COMPANY, BELMONT, CaLIF. ENTWisTiE MANUFACTURING CO., PROVIDENCE, R.1.
DANA CORPORATION, RICHMOND, IND. ER1E INDUsSTRIES !NC, FERNDALE, MICH.
DANA CORPORATION, TOLEDO, OHIO ERrnsT, Hans, Ctearwater, Fra,
DANVILLE METAL STAMPING, DaNviIL:iE, ILL. ESARBE MANUFACTURING Co, INc., FT, LauDerpALE, FLA, K
DATA INFORMATION GATHERING SERVICE, PALC ALTO, CALIF, Esco CORFORATION, LOS ANGELES, CALIF. ;
DAvEWOOD SuPPLY COWMPANY, ROCKFORD, lLL. fsso ResearcH & EnGiINEeriING Co., LINDEN, N,J,
DavTon MarLeaare {rRON CO., DAYTON, QHIO EucL 1D MACHINE Co0., INC., INDIANAPOLIS, IND. %
DAYTON RESEARCH INSTITUTE, UNIVERS:TY OF, DAvTON, OH:!0 Ex~CELL-O CoRPORATION, LIMA, OHIO
DEA PropucTs, Tempe, ARIZ,
3 DEERE & Company, MoLINe, ltL. FAFNIR BEARING CompaNy (THE), NEw BRITAIN, CONNL
v DEFENSE CERAMIC INFORMATiON CENTER, CoLuMBUS, QH10O Faircuitp Hitier CoRPORATION, ROCKVILLE, MD. 3
. DEL MACHINE & WELDING WORKS INc., HousTtown, Tex. FAtRCHILD HiLLER CORPORATION, FARMINGDALE, L.f., N.Y. ﬁ
! DeLavalL TureiNe, INC., TRENTON, H.J. FALRCHILD PRECISION METALS PRODUCTS, EL CaJON, CALIF, &
DENVER, UNIVERSITY 0F, DENVER, COLO. FANSTEEL METALLURGICAL CORP,, NO. CHicaGo, fLL. H
DEPUY MANUFACTURING COMPANY, WARSAW, IND. rEDERAL MoguL Corp., DevROIT, MicH.
§ DETROIT BroacH & MacHine Co., ROCHESTER, MiCA. FzLLows GEAR SHAPER CamPANY (THE), SPRINGFIELD, VT.
£ DEUTSCH COMPANY, BANNING, CALIF. FERGUSON MACHINE COMPANY, TOLEDO, OHIO E
E DEUTSCH COMPANY, LOS ANGELES, CALIF, FERRIS STATE COLLEGE, B1G RAPIDS, Micu. ki
{ DIAMOND ALKAL! COMPANY, PAYNESVILLE, OHIO FERROTHERM C%., CLEVELAND, OHIO ;
d DiAMOND, TOOLS & ABRASIVES INC., JUPITER, FLA. FIBEREX COMPANY, CLEVELAND, OHiO E
Di1AMONITE PROBUCTS MANUFACTURING CO., SHREVE, OHIO FiBertTe CORPORATION, WINONA, WisC, b
D-K PRODUCTS (DIv. SYMINGTON WAYNE CORP.), FirEsYoNe TIRE & RuBBer Co, (THE), Akmon, OHIO E
CHIcAGO, ILL. FIREwWEL CompANY INC, (ThHE), BurFaLo, N.Y. 4
D-M-E CoRPORATION, DETROIT, MicH. EISCHER GOYERNOR COMPANY, MARSHALLTOWN, |OWa %
DOALL COMPANY, Des PLAInES, fLL. FLick-REEDY CORPORATION, BENSENVILLE, Ino.
{ DoALL CoMPANY, CINCINNATI, OHIO FMC CORPORATION, SaN JoSE, CALIF,
¢ DoveR CORPORATION, LouisviLLE, Ky, FMC CORPORATION, SANTA CLARA, CALIF. 5
: DOVER CORPORATION, CINCINNATI, OHIO FoRb MoTor COMPANY, DEARBORN, MiCH. :
; ' ! FOrRD MOTOR COMPANY, METAL STAMPING, DEARDORN, MicCH. 3
: Dow CHEMiCAL Company (THE)}, DENVER, CoLO. FORD MOTOR COMPANY, Livonia, M)cH. i {
Dow CHEMICAL CowmPaNYy (THE), GoLpeEn, CoLo. FORD MOTOR COMPANY, FaIRFAX PLANT, CINCINNATI, OH10 :
; Dow CHEmiCAL COMPANY (THE), MioLaND, M:CH. FORD MOTOR COMPANY, SHARONVILLE PLANT, CINCINNATL, .
. DREW CHEm!CAL CORPORATION, BoonNTON, N,J, OM 10 -
g DREXEL INSTITUTE OF TECHNOLOGY, PHILADELPHIA, Pa, FORTNER ENGINEFR:NG & MFG., INC., GLENDALE, CALIF. :
: DuMoRE Company, R‘C'NE' Wisc, FRANKFORD ARSENAL, PHILADELPHIA, PA. 2
i DUNCAN MANUFACTURING C0., CINCINNATIK DHIO FRANKL iN BALMAR CORPORATION, BALTIMORE, Mo. ;
i DUPONT DENEMOURS & Co. INC., E. |., WILMINGTON, DEL. FRANKL IN ELECTRiC CO., INC,, BLUFFTON, IND. 5
DuPoNT DENEMOURS & Co. Inc,, E. |., PompTON LaKE, M.J. FRANKL IN OiL CORPORATION, BEDFOKD, OHIO :
DuPONT Denemours & Co. INC,, E. 1., MARTINSVILLE, Va. FRECON ENGINEERING, CINCINNATI, OHIO
DURIRON COMPANY, INC., DAYTON, OHio FULLER MERRIAM COMPANY, WEST HAVEN, CONN. i
: DYNA-EMPIRE, INC,, LONG IsLAND, N.Y. FYR-FYTER COMPANY (THE), NEwARk, N.J. o
H DyNA-TECH INC., DECATUR, ALA. i
‘ DyNAmMICS CORP, OF AMERICA, GARDEN CiTY, N.Y, G & O TooL & DiE COMPANY, BEECHGROVE, IND. :
! GALM CoMpany, KENNETH J., INDIANAPOLIS, IND. :
! EAM INC., SKIPPAK, Pa. GARDNER MACHINE COMRANY, SOUTH BELOIT, IiL. i
EAGLE TooL & MACHINE COMPANY, SPRINGFIELD, QHIO GAR-KENYON [NSTRUMENTS INC., BREWSTER, N.Y. 2
i
H
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L GEARCRAFT, INC., HAZEL PARK, MICH. Gouros PuMps Iwc., SENECA FALLs, N.Y, ?
: GEBEL INDUSTRIES, CINCINNATI, OHIO GRAHAM RESEARCH LABORATORY, PITT5DURGH, PA, :
GENERAL DYNAMICS CORP., POMONA, CALIF, GRAND VALLEY STATE COLLEGE, ALLENDALE, MicH. 1
GENERAL DyNAMICs CORP,, SAN DIEGO, CALIF. GRAY, Conway, G. A., CINCINNATI, CHIO §
GENERAL DYNAMICS CorP,, GROTON, CONN. GREAT LAXKES RESEARCH CORPORATION, ELIZABETHTON, TENN. %
GENERAL Dynamics Corp., NEw YOrRk, N.Y, GREAT LAKES STEEL CORPORATION, DETROIT, MicH, :
GENEPAL DyYNAMICS CorP,, FT, WORTH, TEx. GREENFIELD TAP & DIE, GREENFIELD, MAsS, 3
GENERAL ELECTRIC CoMPANY, PHOENIX, ARIZ. GREENLEAF CORPORATION, HAGERSTOWN, PA, %
. GENERAL ELECTRIC COMPANY, PLEASANTOWN, CALIF, GRIFFin WHEEL COMPANY, CHICAGD, ILL. h
. GENERAL FLECTRIC COMPANY, SAN JOSE, CALIF. GR1ko CHEMICAL PRODUCTS INC., NewArk, N.J. H
GENERAL ELECTRIC COMPANY, SUNNYVALE, CALIF. GRISWOLO~ESHLEMAN COMPANY (THE), CLEVELAND, OHIO
GENERAL ELECTRIC COMPANY, DAYTONA BEACH, FLA. GRUMMAN AIRCRAFT ENGINEERING CORP,, GLENARN, MD.
, GENERAL ELECTRIC COMPANY, BLOOMINGTON, |LL. GRUMMAN 4 1RCKAFT ENGINEERING CORP., BeTHpAGE, L.I1., N.Y,
. GENERAL ELECTRIC COMPARY, FT, WAYNE, [ND. GuiLr CoasT TecHNICAL INSTITUTE, GULFPORT, Miss.
. GENERAL ELECTRIC COMPANY, LOUISVILLE, KY. GuLF GENERAL AToMmIC INC., SAN DiIEGU, CALIF, -
: GENERAL ELECTRIC COMPANY, EVERETT, MASS
; GENERAL ELECTRIC COMPANY, LYNN, MASS. H & C SueeLy CoRmrORATION, ROCHESTER, N.Y.
; GENERAL ELECTRIC COMPANY, DETROIT, MICH, HALL PLANETARY CO. OF PHILADELPHIA, PHILADELPHIA, PA.
' GENERAL ELECTRIC COMPANY, DAK PARK, MicH. HAMILTON STANDARD, WINDSOR LOCKS, CONN.
! GENERAL ELECTRIC COMPANY, WARREN, MICH. HaMiLTon Toot & MAazHine Co., KENILWORTH, N.J.
. GENERAL ELECTRIC COMPANY, SOMERSWORTH, N.y, HARNISCHFEGER COMPANY, ESCANABA, MICH.
! : GENERAL ZLECTRIC COMFANY, KAPL, SCHENECTADY, N.Y, HARNISCHFEGER COMPANY, MILWAUKEE, WISC,
[ GENERAL ELECTRIC COMPANY, SCHENECTADY, N, y. HARRELL HOLMES MARKETING, CINCINNATI, OHiD
i GENERAL ELECTRIC CoMPANY, SYRACUSE, N.Y. HARRIS~INTERTYPE CCRPORATION, CLEVELAND, OHIO
! GENERAL ELECTRIC COMPANY, UTICA, N.Y. HARRISON MANUFACTURING CO., TeEMPE, ARIZ.
t : GENERAL ELECTRIC COMPANY, WATERFORD, N.Y. HARVARD BUSINESS SCHOOL, CAMBRIDGE, MAsS.
Lt GENERAL ELECTRIC COMPANY, CINCINNATI, OHIO HARVEY ALUMINUM SALES INC,., EAST ORANGE, N.J.
E GENERAL ELECTRIc COMPANY, CLEVELAND, OHIO HASTINGS MANUFACTURING CG., HazTINGS, MICH,
; GENERAL ELECTRIC COMPANY, DAYTON, OHIO HATER INDUSTRIES, CINCINNATI, OHIO !
GENERAL ELECTRIC COMPANY, ERIE, Pa, HAYES-ALBION CORPORATION, HILLSDALE, MiCH,
GENERAL ELECTRIC COMPANY, KING OF PRUSSIA, PA. HavEs, MAax S. VocATioNar HigH SCHoOL, CLEVELAND, OHiQ
GENERAL ELECTRIC COMPANY, PHILADELPHIA, PA. HEALD MicHINE COMPANY, WORCESTER, MASS,
GENERAL ELECTRIC COMPANY, YALLEY FORGE SPACE HENDRIKSEN, ERIK, DOwNEY, CALIF.
TECHNOLOGY CENTER, PHILADELPHIA, PA. HERCULES INC,, ALLEGANY BALLISTICS LAA,, CUMBERLAND, MD. y
GENERAL ELECTRIC CAMPANY, BURLINGTON, VT, HERKERT PrRODUCTS COMPANY, CHICAGO, ILL.
GENERAL ELECTRIC COMPANY, RU._AND VT. HessTON CORPORATION, HESSTON, Kan.
: GENERAL ELECTRIC COMPANY, WAYNESBORO, VA. HEWLETT-PACKARD Co., PaLo ALTo, CALIF.
J GENERAL FLECTRIC COMPANY, MILWAUKEE, WisC, HiLt, GeorGe M., OxrForp, OHIOD
: GENERAL ELECTRO-MECH CORP,, BUFFALO, N.Y. HINKLE BROTHERS INC., CLARKSBURG, W. VA,
L GENERAL MANUFACTURING CorP,, LODI, N.J, HirscHMANN CORPORATION, ROSLYN HeigHTs, N.Y,
GENERAL MOTORS CORPORATION, INDIANAPOQOLIS, IND, HiITTMAN ASSOCIATES, INC,, CoLuMBiA, MD.
GENERAL MOTORS CORFORATION, MuNciE, IND, HOBART MANUFACTURING COMPANY, TROY, OHio
: GENERAL MOTORS CORPORATION, LANSING, MICH. HOFFMAN BROTHERS JEWELRY CO,, TUNXSUTAWNEY, PA,
i CENERAL MOTORS CORPORATION, WARREN, MICH. Hoke INC., CRESSKiLL, N.J,
P GENERAL MGTORS CORPORATION, HARRISON, N, J. HOLLEY CARBURETOR COMPANY, CLARE, MICH.
f GENERAL MOTORS CORPORATION, MILWAUKEE, WISC. HOLLEY CARBURETOR COMPANY, WARREN, Micn.
! GENERAL MOTORS CORPORATION, DEFENSE RESEARCH LAB., HOLYOKE MACHINE COMPANY, HOLYOKE, MAss.
L SANTA BARBARA, CALIF HONEYWELL INC., ST, PETERSBURG, FLA.
{ GENERAL MoTeRS CORPORATION, DELCO REMY DIVISION, HONEYWELL, INC., HOPKINS, MINN.
] ANDERSON, [ND. HONEYWELL INC., NEW BRIGHTUN, MINH.
i GENERAL MOTORS CORFORATION, FRIGIDAIRE BIVISION, HONEYWELL INC., MINNEAP QL Is, MINN,
DAYTON, OHIO HouGHTON COMPANY, E, F., CiNCINNATI, OHio
GENERAL MOTORS CURPORAT(ON, GUIDE LAMP DIVISION, HougHTON CompANY, E. F., CLEVELAND, OHlo
ANDERSON, IND. HousToN, UNIVERSITY OF, HOUSTON, TEX.
GENERAL MoTORS CURPORATION, [NLAND MANUFACTURING, HuckTRAL INC,, KINGSTON, N.Y.
DAYTON, OHIO HuGHES AIRCRATT CoMPANY, TUCSON, ARIZ, H
GENERAL MOTORS INSTITUTE, FLINT, MICH. HUGHES AIRCRAFT COMPANY, CULVER CITY, CALIF,
GENERAL PRECISION AEROSPACE TECHNICAL INFORMATION HUGHES AIRCRAFT CoMPANY, EL SEGUNDO, CALIF,

HuGHES AIRCRAFYT COMPANY, LOS ANGELES, CALIF,
HuGHES TooL CoMPANY, CULVER CiTy, CALIF.
HumeLe QiL & REFINING Co,, HousTon, Tex.
Huvck METALS COMPANY, MILFORD, CONN.
HYDRAULIC RESEARCH & MANUFACTURING CO.,

CENTER, LITTLE FALLS, N.J.
GENERAL PRECISION |NCORPORATED, BINGHAMTON, N.Y.
GENERAL PRECISION |NCORPORATED, PLEASANTVILLE, N.Y.
GENERAL TRANSDUCFR COMPANY, SANTA CLARA, CAL'F

GEOMETRIC ToOL COMPANY, NEW HAVEN, CONN, BURDANK , CALIF. ‘
GEORGE'S SCREW PRODICTS, FRANKLIN PARK, ILi. HYDRODYNE ENGINEER | NG COMFANY, SANTA ANA, CALIF.
GISHOLT CORPORATION, MADISON, WisC. HySTER COMPANY, DANVILLE, IiL.

. GLIDODEN COMPANY (THE)}, BALTIMORE, MD. Hy5TER CoMPANY, PORTLANT, ORE.

; GODOARD SPACE FLIGHT CENTER, GREENBELT, MICH.

; GOODRICH COMPANY, B. F., AKKON, OHIO 11T RESEARCH INSTITUTE, CHICAGO, ILL.

% GOODYEAR AEROSPACE CORPORATION, AKRON, QHIO ITT CANNON ELECTRIC INC., Los ANGELES, G LIF.
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1
i PTT-GILFHLLAN, Van Nuvs, CALIF. Kinsey, Company, E. A,, CinNCINNATI, DHiO
Ki§ PLLiNDIs, STATE OF, SPRINGFIELD, fLtp, Kiitk INDUSTRIES. HARTFCLHD, COWN.
) - & fLiinols TooL WORKS, INC., ELGIN, ILL.. KL 'hE MANUFACTURING CC., WESTFRVILLE, OHID
K ILL iINOIS, UNIVERSITY 07, LRBANA, ILL, Kno.Ls ATomic Fower LAB., Niskavuna, N.Y.
E INDUSTRIAL NUCLEONICS TORP., COLUMBUS, OM10 KoBE INC., HUNTINGTON PaRx, Carit.
INDUSTRIAL Prgss, IncC., MNew YoRk, N.Y, Kogar ING Co., HPM Division, Mr. Giigap, CHin
' INDUSTRIAL TOOL & MACHINE CO., GECRGIAVILLE, R.I. KoppoRS Comriny inc., Baivimore., Mo,
£ iwousTRiaL TectoNicS, INC., ComeTun, CALIF, KREISLEx INDUSTRiAL CORP., EasrT PatTgRsON, N..i.
3 INGERSOLL MtiLING MACHINE CO. (THE}, ROCkFORD, ILL. KRESS CORPORATION, CLEVELAND, OHID
1 % INGERSOLL RAND COMPANY, PHiL1PSBURG, N.J. KRONFNBERG, DR, Max, CiNCiNnNATI, Onin
5 INGERSOLL RAND COMPANY, PRinCETON, N.J. Kuntz Company, J. R., Davvox, OWiv
3 INGERSOLL RAND Company, PAINTED PosT, N.Y. ‘
LUSTITUTE OF GAS TECHMMOLOGY, CHICAGO, Jii. LADISH COMPANY, CuLaHY, WisC. b
b FNTERNAT | ONAL BUSINESS MACHINES CORP,, LANCASTER MeTAL PROG.ZTS, Lancasfer, Ouwie 2
b - LEXINGTON, Kv. LASALLE STEEL CoMmPaNY, CHICAGO, liLL. ;
r-.- INTERNAT IONAL BUSINESS MACHINES CORP., RocKviLLE, Mo, LASALLE STEEL Company, HAMMONG, INC. H
] INTERNAT 1ONAL BUSINESS MachInes CorP,, EnpiceTT, N.Y. LATROBE STeEL CoMmPanYy, LaTROBE, Pa, 2
INTERNAT IONAL BUSINESS MACHINES Core,, Kinasion, N.Y. LAVALLE & ok tac., Cricunte, Mass. 3
9 INTERNATIOM L BUSINESS MACHINES CORP., OweGo, N.Y, Lavin & Sons, Inc., R, CriJagD, jitL. H
INTERNATIONAL BusiInEss MAchines CoRP,, POUGHKEEFSIE, Laweinee AviaTion 1xonsfRIES, INC., NEs YORk, N.Y. by
M.Y. LAWRENCE RADIATION LABORATORY, LIVERMORE, Cavif, 3
INTEREATIONAL BUSINESS MACHINES CORP., YORKTOWN HEIGHTS, LEAR SIEGLER COMPANY, GRAND RimiDs, MicH. :
N.¥. LEnANON STEEL Founpry, LEBANON, FA, X
INTERNATIONAL BUSINESS MACHINES CORP., DavTor, OHio LeBronp Machine Toot Company, R, K,, CINCINNATI, OHin
INTERNATIONAL GLASS COMPANY, NEw YoRk, N.Y. LEHIGH UNIVERSITY, BETHLEHFM, Pa,
v INTERNATIONAL HARVESTER COMPANY, SAN Dieco, CALIF, LELAND-G:FFORD COMPANY, WORCESTER, Mass, 3
: INTERNATIONAL HARVESTER COMPANY, CHICAGO, ILL. LENNOR ENGINEERING CoMmPany, CHICAGE, iLi. :
INTERNATIONAL LEAD ZINC RESEARCH ORGANIZATION INC., LESSELLS AND ASSOCIATES, WAL THAM, Massg, i
NEw YoRrk, N.Y. LDR Toov Company, PROVIOENCE, R.1. 1
INTERNATIONAL MICKEL CO., INC. (THE), Niw York, N,Y. LinalR ENGINCERING, Danra, FLa.
: | INTERNAT (ONAL NiCKEL CO., INC. {THE}, Surfgan, N.Y. LING-TEMCO-VOUGHT, 1MC., DALLAS, Tex.
INTEPNATIONAL NIGKEL CO,, INC. (THE), Duvrorn, Ouig LING=TEMCO-VOUGHT (LTV AEROSPACE), WARREN, MiCH.
INTERNATIONAL NiCKEL CO., INC. (T4E., HUNTINGTON, W. YA, LinG-TeMco-Vouent (LTV ELECTRCSYSTEMS], ;
loN PHYSICS CORPOR TION, BURLINGTGN, MASS. GREENVILLE, T, :
lowa STATE UNIVERSITY OF SCIENCE & TeECHNOLOGY, Link Beur COMPANY, INDIANAPOL IS, IND. i
AMES, lowa LING BELT ComPAny, PHILADELPHIA, Pa.
. lowa, UNIVERSITY of, lowa CiTy, low: Licuip Dynamics, Cricaso, lit. 5
: IROGN AGE, PHILADELPHIA, Ph. Lrriee Co., INC., ARTHUR D., CAMRRIDGE, Mass,
| [Tex CORPOR:TION, LEXINGTON, MASS. LiTwiN CoupaNy, CINCINNATI, OWIO
) LLoyp PrRoDUCTS Compa~ny, CisNCiNnaTI, OHio
i JACKUP BOAT BUILDERS, INC., BRAITHWAITE, La. LOCKHEED AIRCRATT CORPORATION, BURaANK, CALIF. ’
' JAN:TROL AERO, COIUMBUS, DMIO LoCcKMEED ATRCRAFT CURPORATION, FALO ALTo, CabiF,
JANSSEN MANUFACTURING COMPANY, WAYNESVILLE, CHiD. LoCKkHEED Atrcrarr CORPORATION, REDLANDS, CaL ¥,
Jarvis CORPORATION, PoRTLAND, CONN. LOCKHEED AIRCRAFT CORPORATION, SUNNYVALE, [ALIF.
JARVis CORPORATION, GREENW0OD, §.C. LOCKHEED-GEORGIA COMPANY, MARIETTA, Gh. .
3 JERDEN MANUFACTURING COMPANY, IND!ANAPOL:S, IND. LOOGE & SHIPLEY COMPANY (THE), CINCINNATI, OH'O
; 4 JET PRODUCTS CORPORATION, SaM DieGo, CALIT, LoNGYEAR COMPANY, E. J., MINNEAPOLIS, MINN,
H JoHNsON, BiLL SUPPLY CO., PHOENIX, ARIZ. LORD MANUFACTUR (NG COMPANY, ERIE, PA. :
¥ JeINT VocaTionaL SCHOOL, SPRINGFIELD, Oxio Loup COMPANY, M, W., Pomaona, CauiF, »
H Jomi1co METAL FABRICATION, ST. LCuis, Mo. LyBRX PRODUCTS iNT,, NORTH ATTLEBORO, Mass, =
JONES & LAMSON, SPRINGFIELD, VT, LURKENHE IMER CoMprany, CINCINNATI, QHIO
JuNEs & LauGHL IN S1eeL C2RP., INODIANAPOLIS, INO.
JORGON YALVE, CINCINNAT!, OH1O MS&R INC., |RWIN, PaA.
MACHINE DesiGn, CLEVELAN., CnI0

. TiMO
KOI CoM?aNY, CINCINM TI, OHlO mcnlr.ECRAFJ, INC., ?AL iMGRE, MD.
I .
KA!SER ACROSPACE & ELECTRONICS, SAN LEANDRO, CALIF, MACH NF:" é?iﬂw‘ MLLN
H: ING TH,
KaM1: “a MANUFACTURING CO., BRAND RAPIDS, MicH. CHINERY, MINGHAM il “H
; MACHINERY SALES COMPANY, ! ~5 ANGELES, WoIF.
KANSAS SIATE COLLEGE OF PITTSBURGH, PITTSBURGH, KAN. R .
MacrininG TECHNOLOGY CORPORATION, S0. . ND30R, CONN,
KARL & SOoNS, WILLIAM, MILDLE VILLAGE, N.Y. . - N
- MACKLIN COMPANY, JACKSON, MICH.
KEARLEY & Cc., INC., A.7., CHICAGO, ILL.

Map1son INDUSTRIES, PRO.iDENCE, R.1.
Tre AUKE . , . R.
KEarwey & TRECKER, MILwAUKEE, Wisc MaFrFiTT TooL & MacHixe Company, 5T, Louis, Mo,
KEMETRIC COMPANY, SUNNYVALE, CALIF.

KEMPER INSURANCE CO,, NEw YouK, N,Y MAGNA MACH INE COMPANY, CINCINNATI, Onie

K ENNAMETAL Inc C,;émm” 'O‘“O’ . MaLLEABLE FOUNDERS SOCHIETY, CLEVELAND, QHID
K' NNAME ) o B; . ,_,; ’ MANHATTAN RavBestos COMPANY, CORINTH, Ky,
ENNAMETAL nC., CFORG. P ’ MaNsFIELD PHOTG E*i3RAVING, MansFieLp, QHIO
KENSAMETAL INC,, LaTRoBe. Pa, MAREMONT COMPANY, SACO, ME.

KENNELY SPace CENTRER, KENNEDY 3PAGE CENTER, FLa, MARL IN-ROCKWELL COMPANY, PLAINVILLE, CONN.
q KEnNT STATE UNIVERSITY, KINT, OHID MaRQUARDT CORPORATION (THE), VAN Nuvs, CaLIF,
: Keriis MANUFACTURING Co., LONG I5LAND CiTy, N.Y.

MarouarpT CorroraTtON (THE), OGDEN, UTan
KituG FIFTH WHEEL ConpaNt, MounTainToP, Pa, MARQUETTE METAL Prooucts Cu,, CLEVFLAN®, Onlio

i
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MARSHALL SPACE FLIGHT CENTER.
MaeTin Coupany, DenveER, COLe
MARTiN Company, CrLanpO, FLA
MarTin COMPANY, BALTIMORE, ML
MARTIN COMPANY, WHEEL ING,

JWUNTSVILLE, ALA.

MateriaLS TESTING LABCRATORY, LOS ANGELES, CALIF.

MavnaRs & COMPANY, INC,, H.B., PITTSauRGHn, Pa,

MCCLELLAM ATR FORCE BASE, SACRAMENTO, CALIF,

McCuLioCH CORPORATION, L0S ANGELES, CALIF.

MCDONNELL DOUGLAS CORP., HUNTINGTON BEACH, CALIF.

MCDONNELL DOouGLAS CORR,, LONG BEAEM, CALIF,

MCDONNELL DOUGLAS CORP., S NTA MONICu, CALIF.

MtLONNELL JOUGLAS COR®P,, ST. Loutls, Mo.

MCGRAW-E£01508 CoMPany, CoLuMBUS, OHlo

MCGRAW-EDISON COMPANY, PITTSBURGH, PA.

MCGRAW~EDI50N COMFANY, SO0. MILWAUKEE, WisC.

MCGREGOF MARUFACTURING CORP., TROY, MiCH.

MCKINNEY INC., HARRIS D., PHILADELPH!A, PA,

MCMeELLON BROTHERS, INC., STRATFORD, CONN.

MEAD CORPORATION. CINCINNATI, OH10O

MEASUREGRAPH COMPANY, ST. Louts, Mo.

MECHANICAL SPECIALTIES, INC., LOS ANGELES, CALIF.

MECHANICAL SUPPLIES COMPANY, CINCINNATL, Onic

MED1CO INDUSTRIES, INC,, WILKES BARRE, PaA.

MELPAR INC,, FALLS CHURCH, Va,

MEMCOR INC,, HUNTINGTON, IND,

MENASCO MANUFACTUR ING COMPANY, BURBANK, CALIF.

MenasCo MANUFACTURING COMPANY, FT, WORTH, TeX.

MerCE® ALLOYS CORPORAT{ON, GaEENVILLE, Pa.

MERCER MACHINE COMPANY, INDIANAPOLIS, IND.

Meras FINISHING SERVICE, CHicAGo. TLi.

Metat LusricanTs ComPANY, CHICAGO, 1LL.

Merar PowDER INDUSTRIES FEDERATION, NEW YORK, N.Y.

MeTaL-MAT ION INC,, SOUTH BEND, [ND.

MgTALORE, EL SEGunpo, CALIF.

METALWORK ING MAGAZINE, BOsTON, Mass,

METALWORKING NEws, CINZINNATI, OHIO

METCUT RESEARCH ASSOCIATES INC., CINCINNATI, OKIO

McTEm CORPORATION, HANOVER, N.J.

MiCHIGAN APnASIVE COMPANY, DETROIT, MICH.

MicH1GAN TECHNOLOGY UNIVERSITY, HOUGHTON, MICH.

MicHi1Gan Toor ComPany, DETROIT, MICH,

MICHIGAN STATE UNIVERSITY, EAST LANSING, MICH,

MicuiGan UNIVERSITY, CENTRAL, MT. PLEASA NT, MicCH,

MiCHIGAN UNIVERSITY, EASTERN, YPSILANTI, MicH,

MICHIGAN UNIVERSITY, NORTHERN, MARQUETTE, M;CH.

MICHIGAN, UNIVERSITY OF, ANN ARBOR, MiCH,

MipoLe COUNTRY CENTRAL SCHooL DisiricT ¢!,
CENTEREACH, N.Y.

MIDCLETOWN HIGH SCHOOL, MIBDLETOWN, OniO

MIDwEST ResearcH INSTITUTE, KANSAS CITy, Mo,

MIOWEST TECHN:CAL SERVICES, INHC., CINCINNATI, OHio

MtLLER, L. C. COMPANY, MONTEREY PARK, CALIF.

Mii2erRs Faces ComPany, CINCINNATI, OHIO

MiLwAUKEE GEAR COMPANY, MILWAUKEE, WISC.

MiNiATURE PRECISION BEARINGS, [NC., KEENE, N.H.

MINNESOTA MINING & MANUFACTURING GO, , 57. Pauy_, MiNN.

MODERN MACHINE SHOP, CINCINNATI, OHiO

MoHawk Toors, inc., MONTPELI1ER, CHIO

MONITOR BoxaRT CoRrp., FARMINGDALE, L.I.., N.Y.

MONSANTO RFSEARCH CORPORATION, HARTFORD, CONN.

MoNsanTo RESEARCH CORPORATION, DAYTON, OHIO

MONSANTO RESEARCH CORFORATION, MIAMISBURG, DHIO

MoONTGOMERY Co., H, A., DETROIT, MicH.

MASEACHUSETTS INSTITUTE OF CANOLOGY,
E CaMBRIDGE, MASS.
% MAssEr-FERGUSON INC., DETRG: , MicH,
?‘ MASTER CHEMICAL CORPORATION, PERRYSBURG, OMIG
E MasTeER MANUFACTURING CO. INC., HUTCHINGON, Kan,
g; MaTERIALS DEVELOPMENT INC., ProOSPECT, Ky,
§% MATERIALS IN DESIGN ENGINEERING, NEW YORK. N.Y.
i
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MONGTOMERY ELEVATOR COMPANY, MoOLiINE, lit,

MooG, INC., EAST AUrORA, N.Y.

MOKEHEAD STATE UNIVERSITY, MOREHEARD, Kv.

MorFoORM Toct COMPANY, CINCINNATI, OHIO

MORGEN DESIGN, INC,, CiNCINNATI, OHID

Morri1s & CoMmpany, E. K., CincinNaT, Omio

Morrts MacuiNe Co. INC,, INDIANAPOLIS, IND.

MorRSE TwisT DRiLL & MACHINE Co., CHICAGSG, lir.

MorweaR To0LS INC., CINCINNATI, OHio

Moster Lock Company, MILFIRD, OHio

MoTion INDICATING DEVICES, INC., BufraLo, N.Y.

MOTOROLA INC., SCOTTSDALE, ARI2.

MyskeGon TooL iNDUSTRIES INC., MUuSKEGON, Mick.

NASA, HunTsvitLE, Ata,

NASA, MOFFETT FIELD, CALIF.

NASA, Sc!eEnTiIFiC & TECHNOLOGY INFORMATION FacirLtTy,
BeTHESDA, MD.

NASA, LANGELY RESEARCH CENTER, HampTONn. Va.

NASA, Lewis REsEARCH CENTER, CLEVELAND, Onic

NATIONAL BIrviiia CORPORATION, HASKELL, N.J.

NAT:ONAL BUREAU OF STANBARDS, BOuLDER, CoLC.

NationaL CasH REGISTER COMPAKY, DAvTON, OHiD

NATiONAL FORGE CoMPANY, [RVINE, WARREN COUNTY, Pa.

NartonaL LEAD CoMpany OF Owtn, CINCINNATI, QIO

Nattonar Leap CompaNy OF OH10, FERNALD, DHIa

NATIONAL SCREw MACHINE PRODUCTS ASSOCIATIQN,
CLEVELAND, OHi0

NATIONAL WATER LirT COMPANY, KALAMAZOO, MICH.

NavAL AIR ENGINEERING CENTER, PHILADELPHIA, PaA.

NavaL AtR REWORK FACILITIES, SanN Direco, CAuir.

NavAl REstarRCH OFFicE OF, WASHINGTON, D.C.

NFLZ0 CUTTER COMPANY, MANCHESTER, CONN.

NEuman & Company, H,, SKOK1E, JLL.

NevitL, C. R., InoranAPoLls, IND.

NEw BRITAIN MACRINE Co. (THE), New BriTAIN, CONN.

New ENGLAND METALLURG!CAL CORPORATION, $. BOSTON, MASS.

New ENGLAND RESEARCHK APPLICATION CENTER, STOORRS, CONN.

NEw HAMPSHIRE BALL BeArRinGs, INC., PETERBOROUGH, N.H.

MEW YORK STATE UNIVERSITY OF BINGHAMTON,
BinguamtOoN, N.Y.

NosLe INGC., NORMAN, CLEVELAMD, OHiO

NOLTE SCReEw MACHINE, CINC!INNATI, OHioO

NORDEN Company, NorwaLk, CowN,

MORTH AMERICAN ROCKWELL Corp., ANAHEIM, CALIF,

NORTH AMERICAN RoCKwELL Ceae., CANOGA PARK, CALIF,

NORTH AMERICAN RUCkwEL. CORF., EL SEGUNDG, CALIF,

NORTH AMERICAN RoCKweLL CORP., INGLEWOOD, CALIF,

NORTH AMERICAN ROCKWELL CORP., LO% ANGELES, CALIF.

NORTH AmERICAN ROcCkweLL Corp., NEOSHO, Mo.

NCrRTH AMERICAN RoOckweLL Corp., CoLumBus, OHiO

NORTH AMERICAN ROckwELL CorRp,, TuLsa, OxLA.

NORTH CAROLINA STATE UNIVERSITY, RaLeiGH, N.C.

NORTH HARTFORD HiGH SCHOOL, PYLESVILLE, MD.

NORTKEAST CUTTER SERVICE CoORP., FAAMINGDALE, N.Y.

NORTHEASTERN UNIVERS1TY, BosTon, Mass,

NORTHMONT SCcHooL, CLAYTON, OHio

NORTHROP NORAIR, HAWTHORNE, CALIF.

NORTYROP VENTURA, NEWBURY Parx, CALIF,

NORTON COMPANY, WORCESTER, MASS.

NRC EouIPMENT CORSORATION, NEWTON, MASS,

NUCLEAR METALS, INC., WEST CONCORD, Mass.

Numer1caL CONTROL & COMPUTER SERYICES, CLEVELAND, OHIO g

NJ-TEC EMGINEERING CORPORATION, WARREN, MICH. .

Nu-TooL Saw SErvice, Inc., DETRUIT, MiCH. X
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UK TooL CompaNY, MILFORD, N.H.

OAxes CORPORATION, E. T., LONG I SLAND, N.Y. .
0BERG MAMYFACTURING COMPANY, INC., FREERORT, Pa, .
OH1o COLLEGE ©F APPLIED ScieNCE, CiNCINMATI, OHLO

OMi10 Screw PropucTs, INC., ELYRIA, ORID

Or'c STATE UNiIVERsITY {TH"), CoLUMbUS, OHio

FIBURE 23 (cont.)
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OKLAHOMA STATE UNIVERSITY, STiLLwATER, OkLa,
OULIN DixSON CORPORATION, COFFEEVILLE, KAN.
OLIivFR MAZHINERY COMPANY, GRAND RAFIDS, MICH,
OnsrRuUD MaCH . NE WORKS, NILES, liL.

ONTARIC CORPORATION, MuUNCIE, INC.

OREGON TECHNICAL INsTiTuTE, KLaMaTH FaLLs, ORe.
0118 ELevaTor CoMmpany, Younkers, N.Y.
OWENS-lLLINDIS, INC,, COLuMBUS, Onio
Owens=lLLIN01 s, ToLeno, OwWio

PACITIC SCIENTIFIC COMPANY, ANAKE:M, Cairr,
PackerR CONSULTING ASSOCIATES, NAPERVILLE, fut.,
PANDA PrRODUCTS, CINCI'NNATI, QHID

Paves, E. L. COMPANY, WENONAH, N.J.

P. E. DEVELOPMENT CoMmPanYy, CINCINNATI, Q10O
PEABODY INDUSTRIES, PEaBODY, Mass.

Peck, PayL H,, BROTKTON, Mass,

PENN NUCLEAR CORPORATION, PENN, PaA,
PENNSYLVYANIA STATE UNIVERSITY, UNIVERSITY PARK,
PENTA TecHNICAL COLLEGE, PERRYSBURG, OHIO

Perx IN~ELMER CoORP., [ANBURY, CONN,

PESCO PRODUCTS, BEOFORD, OHIO

PueLps-Dopge-CoppPeR PropucTs CoRP., ELI1ZABETH, N.J.

PriLADELPH & NAVAL SA1PYARD, PHiLADELPHIA, Pa.
PHILCO CORPORATION, LAwNDALE, CALIF.

PH:Lco CorpoRATION, NEWPORT BEACH, CALIF,
PICATINNY ARSENAL, DOVER, W.J.

PIFER INDUSTRIES, INC,, DuRnAM, N.C.

PIoNEER ASTRO INDUSTRIES INC., HARwWOOD HE!1GHTS,

Pi1oNEER BrROACKR CoMmMpaNnYy, L.0S ANGELES, CALIF,
PtPE MACHINERY COMPANY, CLEVELAND, QH!iO
P1TTsBURGH PLATE Giass C3., PiTTssurcn, Pa.
PLANET PRopucTs CORPORATION, CINCINNATI, Onio
PLASTIC MOLDINGS CORP., CiHCINNATI, OHIO

PoinT Park CoLLege, PiTTsBURGH, Pa,

POLYMET CORPORATIGN, CINCINNATI, OHIO

PRATT & WHITNEY AIRCRAFT, EAST HARTFORD, CONN.
PRATT & WHITNEY AtRCRAFT, NOoRTH Haven, CONN.
PRATT & WHITNEY AIRCRAFT, WEST PALM BEACH, FLA.
PRATT & WHITNEY CORPORATtON, CUDAHY, CALIF,
PrRaTT & WHITNEY CORPORATION, W. HARTFORD, CONN.
PRECISion CASTPARTS CORP., PORTLAKD, ORE.
PRECiSION MACHINE & TooL, INC,, VanDALiA, OHIO
PrRECISION MECHANICS INC., CInCinnaTl, OHIO
PrResTOLITE Company (THE), DECATUR, ALA.
PRisock AssociaTes, JOwn, CINCINNATI, OHIU
ProcTer & GamBLe CompPany, CiIncinnaTi, Orio
PRUYNE COMPANY, SaN DIEGO, CALtF,

PuaLic HEALTH SERVICE, BeTHESDA, MpD.

PURDUE UNIVERSITY, WEST LAFAYETTE, IND.

PUREX CORPORATION LTD., ANAHEIM, CALIF,

QuUAKER CHEMICAL CORPORATiON, CONSHOHOCKEN, Pa.

RGF CorPORATION, ELwoOOD, IND.

RAD!0O CORPORATION OF AMERICA, (NDIANAPOLIS, IND,

RAD!O ZORPORATION OF AMERICA, CAMDEN, N.J.
RAC10 CORPORATION OF AMERICA, PRINCETON, N.J.
Rap10 CORPORATION OF AMERICA, LANCASTER, PaA.

RADIO ENGINEERING LABORATORIES, LonG Istanp, N.Y,

RAYTHEON COMPANY, WALTHAM, MASS,

RAYTHEON COMPANY, WAYLAND, Mass,

RAYTHEON ComPANY, BrRISTOL, TENN,

REACTIVE METALS, INC., NiLEs, OHiO

REDsTONE ARSEnAL, U.S. ArMy Missite ComMmanp,
REDSTONE ARSENAL, AtA.

REEDER & KLINE MACHINE CO., INC., CARMEL, IND.

REGENTS OF THE UNIVERSITY SYSTEM OF GEORGIA,
ATLANTA, GA.

RELIANCE ELECTRIC COMPANY, ASHTABULA, OH!O

FIGURE 23 (cont.)

REsOuRCES DEVELOPMENT CORPORATION, EAST LANSING, MiCH,
Rex Cuainaert, Inc,, DowNers Grovi, liL

Rex CrAINBELT, INC., MiLwAuKkeE, Wisc.
RevynoLDs MeTaLs COMPANY, RICHMOND, VA,

RHOCE |SLAND, UNIVFRSITY OF, KINGSTON, R. 1.
RIDINGS, JAMES A,, PITTSRURG, KAN,

Rock lsiLanp ArRsenat, Rock Ispanp, loi.

ROHR CORPORATION, CHULA VisTa, CavLif.

QocLwAy BeariInGg Cosmpany, Syracusr, N.Y.

Roma CorRPORATION, INCIANAPOLIS, IND,
Roois-ConneRsyittk, Brower Div., ConnEnssiiL®
RovaL OAx TooL ComPaNy, RovaL Oax, Micu,
Rust-Lick InNc., BosTon, Mass,

RYAN AERONAUTICAL ComPany, San Diren, CALIF,
Ryercon & Son, InC., JOSEPH T., CHICAGO, lite.
Ryerson & Sown, Josepn T., Cincinnary, Quio

, Ine,

S & R Toot CORPORATION, DAaYTON, OHIO

S&S Mackinery Compant, BrooxLYn, N.Y.

SAE STeFLs, Inc,, Hupson, Ouio

SCM CORPCRATION, CRANGEBURG, S.C.

SKF InpusTrRiEs, Timonium, Mo,

SAGINAW VALLEY CAOLLEGE, UNniv, CENTER, MicH,

SAN FRANCISCO CiTy COLLEGE, San FRANCISCO, CALIF,

San Jose Stare CoLieceE, £aN Josi, CAaLIF,

SANDERS ASSOCHATES, NasHua, N.H.

SANDERS NuciLtar CoORP., NasHua, N.H,

Sanpi1a CorpORATION, ALBUQUERQUE, N.M.

Satec CorPoRrRAT!ON, Grove City, Pa.

SAUNDERS & CO. INC., ALEXANDER, COLD SPRING, N.Y,

ScHELLENS TRUE CORPORATION, |VORYTON, CONN

SCHUTTE anp KoerTinGg CoMmpany, Bucks County, Pa,

SEATTLE UNIVERSITY, SEATTLE, WASH.

SEIFREAT-ELSTAD MacHinery Co., CINCINNAT I, DHigp

SENCO PrODUCTS, NEWTOWN, Onio

SETCO INDUSTRIES INC,, CINCINNATI, OHIO

SeveorLo Company, CINCINNATI, OHIO

SuAre ComeoNgenTs, Inc,, PaTTerson, N.J.

SHEAFFER PEN COMPANY, W. A., Fr, Mapison, lowa

SHFFFER CORPORATION (THE), CINCINNATI, OHIO

SREFFIELD CorRPoRAT:ON {THE}, Davron, Quio

SH"AYDER CHEMiCAL MpTaiLLyurGgy CoORP,, DLTROIT, MiCH,

SioMA MACHINERY, ROSEMONT, lri.

SIKORSKY AIRCRAFT, STRATFORD, CONN.

SILTRONICS INC., DAKMONT, Pa,

SiMono Sav & STeeL, FITCHBURG, Mass,

SINCLAIR REFINING COMPANY, CHICAGG, fLL.

SINCLAIR REFINING CoMmrANY, CntumBus, Ouxio

Smail Business ApMim,, Dexver, CoLa,

SMaLt Business ApMmiIn,, CHicaga, toL.

SMALL BUSINESS ADMIN,, MINNEAPOLIS, MINN.

SmaLL Business ADMIN,, CLEVELAND, QHIOQ

SMaLL Business Aomin,, BaLa Cynwvo, Pa,

SMALL BUSINESS ADMIN., SEATTLE, WASH.

SmiTH, C. W. ENGINEERING CO,, INC,, MACISON
HMEIGHTS, MiCH.

SNAP-On-TooLs CoMPANY, KENOSHA, WisC,

SonNET TooL & MFG, (CO,. HAWTHORNE, CALIF.,

SouTH CHESTER CorPORATION, LESTER, Pa.

SOUTH SHORE TooL & DevFLoemMeENT INC., MEnTorR, OHIO

SOUTHERN AUTOMATICS INC., CINCINNATI, OHIO

SOUTHERN 1LLINOIS UNIVERSITY, CARBONDALE, ILL.

SOUTHERN RESEARCH INSTITUTE, BIRMINGHAM, ALA.

SOUTHWEST RESEARCH INSTITUTE, San AnTon1O, TEX.

SOUTHWESTERN CITy ScxooL, GReve CiTy, On1iO

SOUTHWORTH MACHINE COMPANY, PORTLAND, Mz,

SPECTAL MACHINF CoMP.NY, ROCKFORD, ILL.

GPERRY REND CORPORATION, FHOENIX, AR1Z.

SPERRY RAND CORPORATION, CLEARWATER, FLA.
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SPERRY RAND CORPORATION, DETROFMT, MiCH.

SPFRRY R&aND CORPORATION, JAUKSON, Mi1SS,

SPERRY Rahn CorporaTion, Trov, Micw.

SeERRY RAND CoRrPORATION, GaFar Neck, N.Y.

SPCRRY RAND CoRPORATION, LONG lsiLAND CiTy, N.Y.

SPERRY RAND CORPORATION, BRisTOL, TENN.

SPERRY RAND CORFORATION, SALT LAkE Cirvy, UTan

SPINOLFTOP RESEARCH, LEXINGTON, Ky,

SPRINGFIELD ARMORY, SPRINGFIELD, Mass.

S:. Joseoeu Loap Company, Monaca, Pa.

Stannarg Qe Co., CHICAGO, ltLL.

Sranvawn Oir Co., = OH10 {THE}, CINCINNATI, DHIO

STancarn Oiv Co,, - Onio {THE), CLEVELAND, OHIO

STANBARD PRESSED STFEL Co., JENKINIOWN, Pa.

Srams In=isTRIAL SuPPLy ComPany, CanTon, Oxio

Srati of MicniGan, EasT LansinG. MICH,

STATHAM INSTRUMENTS, Oxnaso, CALIF,

STEEL Macazing, CLEVELAKD, OHIO

STeRU NG Faucgs Cowpany, MorGanTOWN, W. VA,

STERLING GRINDING WREEL Co., TiFFiN, Oul0

STERLING INSTRUMENT, MINEOLA, N.Y.

STEVENS INSTITUTE OF TECHNOLOGY, HOBOKEN, N.J.

StrAsMAnN MacuinerRy CorporaTiON, Lons BeEaCH, CALIF,

Steart Oiw Co,, Lrp.. D. A., CricaGo, liL.

STuDEBARER CORPORATICN, DUNBAR, W, VA,

STYRESPAK, NfaTON, [Owa

Sun 01l CoMPANY, CINCINNATE, OHIO

Sun 0t CoMpany, Marcus Hook, Pa.

SGN SHIPAGILDING & DRy Dock Co,, CHESTER, Pa.

SuNpsirRe ;b CORPORATION, SYRACUSE, N.Y.

SUNLSTRAND CORPCRATION, SUNDSTRAND AVIATION,
Rockrore, e,

SGNDSTRAND CORPORATION, SUNDSTRAND MACHINE Toot Co.,
BeELvIDERE, luL.

SyL.ANIA ELFCTRIC PRODUCTS, INC., SaLem, Mass.

SyLyvANIA ELECTRIC PRODLCTS, INC., WALTHAM, Mass,

SrLvaN1 A HigH Scuoon, SWANTON, OHIO

SYLVFSTRE ScrREw Comeany, PROVIDENCE, R. |,

SYSTEMs RESEARCR LaBs., DAvTon, Onio

TRW, Inc., CLEVELAND, OHIO
TRW, InC., PORT CLinTon, OHio
TRW, InC., DanviLLE, Pa,

TRW, INC., HAaRRISRuURG, Pa,
TRW, IncC., LrpANON, TENN,

TarT ENGINEERING CENTER, CINCINNATI, OHIO

Tavrok FoRrRGE Iwnc,, CHICAGO, ILL.

TecHNicaL CONSUI TANTS [NC., HUNTENGTON, W, VA,
TecHN I CAL EQuiPMENT SaLes Co., CINCINNATLE, OHio
Tecunicar PROGRAMMING ASSOC., INC., SMYRA, GA,.
TecuNi<AL & TRADF TwmaIninG CENTER, WesTaury, N.Y.
TE<HNOLOGY REPORTS, CHESTERLAND, QOHIO

TECUMSEH PRODLUCTS CoMPany, ANn ARBOR, MicH.
TeLedyne Company, BROAN ENGRG. CO., HUNTSVILLE,

Ara,
Terenyne [NC, WaH CHanGg, GLEN COVE, N.Y.
TELEDYNE INC., ALLvaC MeTALs, Monmrog, N.C.

TELFDYNE CoMpany, CINCINNATY, OHIOD

TELEDYNE INC,, FIRTH STERLING, PITTSBURGH, P,
TeELEDYNE INC., VAsco, LatroBE, Pa,
TELEDYNE INC., AUTOMATED SPECIALTIES,

CHARLOTTES~ILLE, VA,
TELEFLE» INC., NORTH WaLES, Pa.
TeLeTynE CORPORAT ION, SKOKEI™,
TENNESSEE, UNIVERSITY OF, KNOvxILLE., TFENN.
TeExACO INC., Beacon, N.Y.

Texaco INC., CinCinNATL, OHIQ

TENAS INSTRUMENTS INC., Dattas, Tex.
Texas, UNIVERSITY OF, AusTin, TEx.
TveERM INC,., 1THaca, N.Y,
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THiokoL CremicaL Core,, DENVILLE, N.J.

THoMPSON CoMPANY, Joun ., WasnineTONn, D.C.

TiBBETYS INDURTRIES, InC., CaMnewn, Mr,

TiMEN ROLLER BEARING ComPaNY, CANTON, OHIO

Tinkegr A1n Force Base, OxkLavoma CiTy, Oxkia.

Tipp MACHINE & TooL INC., Tiep CiTy, OHIO

TIPPETT INCOR FORATED, CHICOPEE FaLLS, Mac

TiTANIUM METALS CORPORATION OF AMERICA,
New Yowrk, N.Y.

TiTANIUM METALS CORPORATION OF AMERICA,
ToronTo, OHIO

TooL Saits £ Service, CincinNaTL, OHIO

ToorL STgeL Gear & Pinion Co, (THe), CINZINNATE, QHIO

TouLoN HisH ScraoL, TouLoN, fLi.

TowN3SEND COMPANY, SANTA ANa, CaLiF.

Trays STROWM CORPORATION, PLAINVIEW, N.Y,

TR! INDusTRIES [nNC., TERRE HAuTE, IND.

TR1-D CORPORATION, PLAINVILLE, CONN.

Taiton COLLESE, PREILABELRRIA, PA,

TROvAN-KENNEDY Company, CINCINNATI, GHIO

Tru=CuT INC., ATLANTA, GA,

TrR:=CuT MacHing CORPORATION, CINCINNATI, OHIO

Twin Ci1y, ARSENAL, NEw BRIGHTON, MINN.

Tyco LABORATORIES, WALTHAM, MAss.

TyLex TORPORATION, BENSON, MINN,

UTD CoRFORATION, ATHOL, MAss.
UTD CorrPoraTiOon, DERBY LINE, VT.
U.$. AR FoRCE, APO, N.Y.
U.S. ARMY, EDGEWOOD ARSENAL, EOGEWOOD, ARSENAL.
U.S. ARMY, PRUDUCTION ENGINEERING DIVISION,
FT. BELVIOR, VA.
U.S. ARMY, PRODuCTiON EQUIPMENT AGENCY,
Rock istano, lLL.
.S. ARMY, WEaPons ComManD, Rock IstanD, Ll
ATOMIC EnNeERGY COMMISSION, WASHINGTON, D.C.
Barrp CORPORATION, STRATFORD, CONN.
DEFENSE SUPFLY AGeENCY, CINCINNATI, OHiO
DEPARTMENT OF COMMERCE, WasHiINGTON, D.C.
DEPARTMENT OF DEFENSE, N, ArLINGTON, Va.
DEPARVIMENT OF THE INTERIOR, ROLLA, MO,
DEPARTMENT OF JuSTICE, WASHiINGTON, D.C.
MariInE CORPS,, CHERRY Peint, N.C.
MissILE CENTER, MuGu, CALIF.
NAVAL APPLIED SCIENCE LAB., BrOOKLYN, N.Y.
. Navar Avionics FaciLiTy, DEPARTMENT OF
Nay¥Yy, INDraxarPoLis, InC,
U.S. NAvaL ORDNANCE LAB., WHITE QOaKk, Mo.
U.S. NavaL ORDNANCE TEST StaTion, CHiNa
Lake, CALIF.
U.5. NavaL Post GrRapuaTe ScHooOL, MONTCREY, CALIF.
U.S, NAvAL UNDERWATER ORDNANCE STATiION,
NewporT, R. 1.
U.S. Navy, WasuingTon, D.C.
U.S. Stecr CORPORATION, MONROFVILLE, Pa.
UnimeTr CareIDES, DIv., OF UNITED GREENFIFLD,
CHICAGO, 'LL.
Union CARBIDE CORPORATION, [NDIANAPOLIS,
Union CARBIDE CORPORATION, KOKOMO, IND.
UNION CARBIDE CORPORATION, Papucaws, Kr.
UNion CArBIDE CORPORATION, TARRYTOwN, N.Y.
Usion CARBIDE CORPORATION, OAK RIDGE NATIONAL
LAB, OaKk RIDGE, TENN,
UNion CarpiDE CORPORATION, Y12 PLANT, OAk
RIDGE, TENN.
UNITED ARCKAFT CORPORATE SrsTEMS CENTER,
FARMINGTON, CONN.
Unitep AtrcrarT PrRODUCTS, INC., FAOREST, OHIO
UNITED AIR LINTS, SAN FRaANZiSCO, CALIF,
Unt1Tep NucLearR CorRP,, New Haven, CONN,

cCocCcocCococtCocaocococc
v unyuny nun

IND.
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UUNITED SKHOE MFG., Corp., (Tue), BEVERLY, MAss.
UNITED STATES BoraXx & CHEMiCAL CORP., New York, N.Y,
UNITED STATES Liaison OfFFice, Aro, N.Y,

UNITED STATES TIMZ CORPORATION, WATERBURY, CONM.
UNITED TECHNOLOGY CENTER, SUNNYVALE, CALIF.

UNIVAC, ROSEVILLE, MiNN.

Univac, SALT LAKE CiTy, UTam

UNIVERSAL-CYCLOPS SPECIALTY SCEEL, BRIDGEYILLE, PA,
UNIvERSAL TECHNOLOGY CORP,, DAYTON, OHio

UNIVERSAL VALVE ComPamY, INC,, ELI2ABETH, N. 1.

UTAH STATE UNIVERSITY, LOGAN, UTAN

UTAH, UNIVERSITY OF, SALT LAKE CiTy, UTan

V.l. JEweELRY MANUFACTURING CORP., New Youk, N.Y.
VALERON CORPORATION (THE), LOS ANGELES, CALIF.
VALERON CORPORATION (THE), INDIANARPOLIS, IND,
VALERON CORPORATION (THE), DAYTON, ONIOD

VALug PROGRAM FOR INGLUSTRY, SCHENECTADY, N.Y.
VAN INDUSTRIES, CINCINNATI, OHiO

VAN STRAATEN CMEMICAL COMPANY, CHICAGU, ILL.
VARIAN ASSOCIATES, PaLo AiTo, CALIF.

VARO INC., SANTA BarBaRA, CALIF.

VEEDER=ROOT INC., ALTOONA, Pa.

VERMONT AMERICAN CORPORATION, LouisviLLe, Kv.
VIKING FORGE & STeei COMPANY, ALBANY, CALIF.
VINCO CoRPCRATION, DETROIT, MICH,

VIRGINIA POLYTECHNIC INSTITUTE, BLACKSBURG, VA.
VITRO CORPORATION OF AMERICA, WEST ORANGE, N.J.
VITRO LABORAYORIES, SILVER SPRINGS, MD.

VO6T MACHINE CO. INC., HenrRr, Louisvicie, Ky.
VR/WESSON COMPANY, CINCINNATI, OHIO

WALKER COMPANY, 0.5., WORCESTER, Mass,
WALKZR GRINDING COMPANY, SANTA BARBARA, CALiF.
WALMET CorpPORATION {THE)}, PLEASANT RipGe, MicH.
WALMET CORPORATION (THE), SumktTT, N.J.
WALTCO ENGINEERING COMPANY, GARDENA, CALIF,
WARNER=SWASEY COMPANY (THE), CLEVELAND, OHio
WARNER-SWASEY COoMPaNY (THe)}, LAnrR D:ivision,
CLEVELAND, QHiO
WARREN Pumes, INC., WARREN, MiS.s
WATERTONN ARSENAL, WATERTOWN, Mass,
WATERVLIET ARSENAL, WATERVLIET, N.Y,
WAUKESHA CUTTING Tooi, WAUKESHA, WiscC.
WAYNE STATE UNIVERSITy, DETROIT, MicH,
WEATHERHEAD COMPANY (THE), DAYTON, ORIO
WEBCO MACHINE PRobucTs, INC., CLEVELAND, OHIO
WEINMAN PuMpP MaNUFACTURING Co. {THe), CoLumBus, 10
WEST MiLToN PRECISION TootL CC., VANDAL A, OHIO
WEST VIRGINIA, STATE OF, DEPARTMENT OF COMMERCE,
CHARLESTON, W. VA,
WESTERN ELECTRIC COMPANY, INC., OManA, Nes.
WESTERN ELECTRIC COMPANY, INC., GREENSBoRO, N.C.
WESTERN ELECTRIC CoMPANY, INC., PRINCETON, N.J.
WESTERN ELECTRIC CoMPANY, INC., NEw Yowrw, N.Y.
WESTERN GEAR CORP02ATiION, EVERETT, WASH.
WESTERN MICHIGAN UNIVERSITY, KALAMAZOD, MiICH.
WESTERN RESERVE UNIVERSITY, CLEVELAND, OHIO
WESTINGHOUSE AIR Brak: CoMPaNY, PEORIA, ILL.
WEST!'NGHOUSE ELECTRIC CORP,, SuNNvVvALE, CALIF,
WESTINGHOUSE ELECTRIC CORP., BufFfaLo, N.Y,
WESTINGHOUSE ELECTRIC CorP., CHARLOTTE, N.C.
WESTINGHOUSE ELECTRIC Cogrp,, BLA1RSVILLE, Pa,
WESTINGHOUSE ELECTRIC CorP,, Homewoon, PaA.
WESTINGHOUSE ELECTRIC CORP., MADISON, Pa
WESTINGHOUSE ELECTRIC CORP., PHILADELPHtA, Pa,
WESTINGHOUSE ELECTRIC CORP., PITTSBURGH, Pa.

FIGURE 73 (cent.) 36

WEST INGHOUSE ELECTRIC CORP., WEST MIFFLIN, Pa,

WHEECLABRATOR CORPORATION, MisHAwAKA, InC,

WHITE COUNTY MACHINE SHOP, MONTICELLO, INC.

WHITIN MACHINE WORKS, WHITINSVILLE, MASS,

WHITTAKER CORPORATION, LA Mrsa, Cavr,

WHITTAKER CORPORATION, WEST CONCORD, MASs.,

WILL!AMS RESEARCH & ENG inEERING CO., WALLED
LAKE, MiCH,

WINDSOR MANUFACTURING, WINDSOR, CANN,

WISCONSIN STATE UNtVERSITY, PLATTEVILLE, WIST,

WISCONSIN, UNIVERSITY, Manison, Wisc,

WiTnrow Company, ARTHUR (., LOS ANGELES, CaAL:f.

WOLVERINE BRASs Worxs, GrAND RArIDS, MicH.

WORLD AEROSPACE CORP., MINNEAPOLIS, MINN,

WorLD Toou & ENGINEERING CO., MINNEAPOLIS, MINN,

WRIGHT-PATTERSON Atr FORCE BASE, FABRICATION
MODIFICATION SHOP, WRIGHT-PATTERSON AFB, Onio

WRiGHT-PATTERSON AIR ForCcE Base, FORE:GN Discrosufme
OFFiCE, WRIGHT=-PaTTerson AFB, OHio

WRIGHT-PATTERSON AIR FORCE Base, FOREIGN TECKNOLOGY
OFFiIceE, WRIGHT-PATTERSON AFB, OHnio

WRIGHT-PATTERSON AIR FaorcE Base, MANUFACTURING
TECHNOLOGY DIVISION, WRiGHT-PaTTerson AFB, Ori0

WyMAN-BGOROON COMPANY, NORTH GRAFTON, MAss.

WYMAN-GORDON COMPANY, WORCESTER, MASS.

XerOx CORPORATION, ROCHESTER, N.Y,

ZENITH MANUFACTURING ComPaNy, Oaxk Parx, Mich.
Z1MNEY CORPORATION, MonrOViA, CALIF.




NEW COMPANIES & AGENCIES SUBMITTING INQUIRIES TO AFMDC

DCTOBER 1, 1968 - JULY 31, 1969
3
; ASC CORPQRAT!ION, OWiNGS MILLS, MD. COOPER ILDUSTRIFS, INC., MT, VERNON, OHIO
E ABEX CGkPORATION, CoOLumBrs, OHIO COURTER TECHNICAL HiGH SCHOOL, CiNCINNATI, OniD
p ACTION MANGFACTURING COMPANY, PHILABELPKIA, Pa, CRAFTS3, ARTHuUX A, COKPURATION, WALTHAM, MASS.
ADJUSTAHLE BUSHING CORPORATION, NORTH HOLLYWOOD, CALITF, CRUCIALE STEEL COMPAKY, Syracusg, N.Y.
E AcMieAL MATHINE COMPANY, BAREBERTON. OHID
AERO FRECISION MACHINING CORP,, FRANKLIN Park, fLL. DAVEY COMPRESSOR COMPANY, KENT ., OHIO
AFFILIATED N/C SERVICES, INC., WiCHITA, KAN, DavyToN SurPLY & ToOL Co., THE, DAYTON, OHIO E
¥ AtR FORIFr, DFEPARTMENT OF THE, LO5 AWGELES, CALiFf, DEFENSE CONTRACY ADM., SERVICES DISTiRICT, 3
% Are ForRCr, DFEPaRTMEINT of THE, YVARDENGERG AFB, CALIF, PrHOENIX, ARIZ. 1
& Ale farst, DEPARTMENT 0F THME, STRATFORD, CONN, DELPHI CORPQRATION, DAYTON, OHiC
AilRCo, BEIRKLEY, CALIF. DiAL MACH'NE COMPANY, LEVITTONN, Pa,
ALCAaN ALUMiINUM CORPORATION, RIVERSIPE, CALIF. DtAMOND MACHINE WORKS, SEATTLE, WASHINGTON .
ALcoa ALuMingm COMPANY OF AMERICA, CLEVICLAND, OHIO DiERs, GFORGE H, CompAny, CINCINNATI, GHIC
Lo ALC24 ALiminuM COMPANY OF AMERICA, LANCASTCR, P4, Do-RITE ToolL & MFG, COMPANY, MINNEAPOLIS, MIKN. 3
= ALLBRIGHT-NELL Co., Tue, CHRICAGD, Jrt. :
3 ALLEGHENY-LubLuM STEEL CORP,, BRACKENRIDGE, PA. EVANSYILLE, UNIVERSITY OF, EVANSVILLE, IND. E
¥ ALLZGHENY-LUDLUM STEEL CoRP,, LEECHBURST, Pa, %
3 AMBAC INDuSTRI1ES, LONG IS5LAND, N.Y. FMC CORPORATION, IND:ANAPOLIS, IND. f
AMERICAN INSTITUTE RESEARCH, PITISBURGH, PA. FALK CORPORATION, THE, MILWAUKEE, WISC,
‘ S AMFORGE INCORPORATED, CHiCauQ, fLL. FeEpEraL CARTRIDGE, 5T. Paut, MinN.
: 3 ANDERSON, GORDON 5., MFG. Co., M:LLBROOK, N.J. FORMMET CORPORATION, AVON, QHIO
f £ ANDERSON, INC., CHICAGO, firt, FOosOICK MACHINE TocL Co., CINCINKATI, CHio ;
i 3 ANDRENS MACHINE WORKS, COMVINGTON, Ky, FRANKLIN INSTITUTE RESEARCH LAB, THE,
. : ArRisTa TECHNICAL SERvViICE, NEwark, N.J. PHILADELFPHIA, Pa,
é 3 AR1ZINA FIRE RATING BurRtau, PHOENIX, ARIZ. ks
! 3 ARMY MATERtALS & MECH, RESEARCH CENTER, WATCRTOWN, MASS, GENERAL AMERICAN RESEARCK, NILES, ltL. H
? : ARMY, DEPARTMENT OF THE, WARREN, MIGH. GENERAL DynaAaMiCs CorP., AveNEL, N.J, ﬁ
£ AUBURN UNIVERSITY, AUBURN, ALA. GENERAL ELECTRIC COMPANY, .IONESBORO, ARK. f
: %_ AUSTIN CONTINENTAL INDUSTRIES, INC,. CHicaco, ILu, GENERAL ELECTRIC COMPANY, SPRINGFIELD, MASS. E
! % AuTocLAave ENGINEERS, INC., ERiE, Pa. GENERAL ELECTR!C COMPANY, ALBUJUERQUE, N.M. §
: . AvCO CORPORATION, LOWELL, MAsS. GENERAL ELECTRIC COMPANY, WORTHINGTON, COHIO i
4 - AYCO CORPORATION. CINCINNATI, QOHIC GENERAL FLECTRIC COMPANY, GREENVILLE, S.C.
i : GENERAL=-GILBERT CORP., WINSTED, CONN. .
i Bascock & WILCox COMPANY, BarperTON, OHIG CENERAL MOTORS CORPORATION, LA GRANGE, (LU,
% = BAUER BROTHMERS (COMPAKY, SPRINGFIELD, QOHIO Gesce, W, B, CoMPANY, CLARKSviLLE, MO,
: 1 BEALE AR Force Base, BeaLt AFB, CALIF. GRACE, W.R. COMPANY, CINCINNAT!, OKIO
! & BeLe AEROsYSTEMS, BufFFaLo, N.Y. G. W. PLasTICS ENGINEERING, BgTHEL, VT.
! Bene 1 x CORPORATION, THE, E&TON Town, N.J.
i : BenDix CORPORAT.ON, THE, UTiCA, N.Y,. H & H INDUSTRIES, DavyTonN, OHIOQ
[ Benptx CorPoraTiON, THE, DAYTON, OH!O HAUSER RESFARCH & ENGI!NEERING CO.,, Boutber, CoLoO.
[ - BFRt IN SuppPLY COMPANY, PHILADELPHIA, Pa. HAwA 1| TECHNKOLOGICAL iINFORMATION CENTER, ]
: G Binns MACHINERY PRODUCTS, CINCINNATI, OHIO HonoLuLy, HAWALL
H £ BLADES MANUFACTURING CORP,, RECTDR, ARK, HAYES-ALBION CORPORATION, ALBION, MIiCH.
! % BODINE ELECTRIC COMPANY, CHICAGO, ILL. HECKER. A.W. Campany, CLEVELAND, OHIiO i
; 3 BOoLTON-EMERSON, INC,. LAWRENCE, Mass. HEYNE, ROY L. MACHiINE CO., PHOENIX, AR!Z. 3
L ; BOwER ROLLER BearRinG CoMPANY, DETROIT, MICH. HOEGANAES CORPORATION, RIVERTON, N.J, -
E | 1 BoviL AN CoMPANY, P.O., CINCINNATY:, CHiO HOFFERBERTH MAaChiNERY (0., DAYTON, OWiO I
! BRIDGEPORT MACHINES INCORPORATED, BRIDGEFQRY, CONN. HORSBURGH & SCOTT Co., THE, CLEVELAND, QHIO N
H % BROOKHAVEN NATIONAL LAaB., LONG ISLAND. N.Y. HOWE RICHARDSON Scare (0., RutLanp, VT, H
i A BrowbDrR INDUSTRIES INC., DAYTON, OHIO HOWMET CORPORATION, PAMONA, CALIF. !
{ % BUEHLER CORPORATION, THE, INDIANAPOLIS, IND. H. R. SuPPLY COMPANY, CINCINNATI, DHiO
3 E’ BUN¥ER-RAMO CCRPORATION, THE, HIwHLANC HEIGHT, OHIO HuGHES AIRCRAFT COMPANY, CANOGA PaARK, CALIF,
: 3 BURLINGTON {NDUSTRIES, GREENBORO, N.C. HUGHES AIRCRAFT COMPANY, MaLI1BU, CALIF, .
PE HumBLE O1L & REFf INING COMPANY, CHARLOTTE, N.C. §
P C-E-!-R INCORPORATED, WASHINGTON, D.C. HumsLe O1L & REFINING COMPANY, BaLA CywnwyD, Pa, R
: § CANN & SauL STeelL COMPANY, ROYERSFORD, PA. HuMBLE OIL & REFINING COMPANY, PITTSBURGH, PaA.
i CarrsonN, G.O, INC., THORNDALE, Pa. HuMBLE O1L & REFINING COMPANY, SAEGERTOWN, Pa,. .
b CARMET COMPANY, FERNDALE, MICH.
9 CARNEGIE-MELLON UNIVERSITY, PITTSBURGH, Pa. I|BM CORPCRATION, San JOsSE, CALIF.
1 CESSNA AI1RCRAFT COMPANY, HUTCHINSON, Kan. {BM CORPORATION, ARMONK, N,Y.
. CHEM TECH RESEARCH CORP., MEDway, Mass, IBM CORPORATION, CINCINNATI, OHIOD
CHROME PLATE INC., San AnTONIO, TEX, IMPLANT RFSEARCH CORPORATION, PENNSAUKEN. N, J.
PR CHRYSLER CORPORATION, DETROIT, MICH, INDUANA, UNIVERSITY OF, BLOOMINGTON, IND.
: : CINCINNATL GEAR COMPANY, THE, CINCINNATI, QRIC INFORMATION INDUSTRIES, INC.,, SiLVER SPRiNG, Mp.
4 CIN:INNAT! SUPERIOR PRoDUCTS COMPANY, CINCZINNATI, Orio0 INGERSOLL MILLING MaCHINE CO., ROCKFORD, ILL.
CINEX ENGINELRING, CINCINNATI, OHIO INTERNATIONAL REFINING AND MFG.,, CO., EVANSTON, |iLL.
CIrCuUtTs, TEMFE, ARtZ. INTERNAT:ONAL RESEARCH B MARKETING, NEW YORK, N.Y.
CLfco INDUSTRUAL Toous, HOUSTON, TEx. INTERNATIONAL RESEARCH CONSULTANTS, SOUTHFIELD,
: CLEVELAND STATE UNIVCRSITY, CLEVELAND, OHio MicCH.
{f CONNECTIiCUT CDUCATIONAL TELEViSION, INC., HARTFORD, CONN. INVINCIBLE GEAR COMPANY, DETROIT, MICH.
CONT iNENTAL CONSULTASTS. INC., DaYTON, OniO
ConTRoL DATA CORFORATION, MINNEAPOLIS, MINN. JERPBAK~-BAYLESS COMPANY, SOLON, UHIO
\ CoNT«0L DATA CORPORATIGN, OUMaHa, Nfg. JOsTENS INC., OwaTONNA, MIKRN,

Kz1SER ALUMINYM & CHEMiCAL Corp., NEWARK, OH!O
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KAISER ALUMINUM & CHEMICAL CORrP.,
Y am-Way MFG., COMPANY INC.,
Kansas, UNIVERSITY OF, LAWRENCE, KAN.
KAPPELL, Losx C., YELLOW SPRINGS, OMIO
KELLY Ai1rR FORCE BASE, SAN ANTONIOD, TEX,
KENNAMETAL INC.. INDIANAPOLIS, IND.
KERNS UNITED, CALUMET CiTy, fLi.
KEYES-DAvIs ComPany, Twe, BATTLE CREEXK,

LAKEWOO0 MANUFACTURING COMPANY,
La Poinie Macrine TooL COMPANY,
LEaR SIEGLER, INC, . ZEELAND,
LeBLOND DiSTRICT SALES OFFICE,
CINCINNATI, OHIO
LiaAARY OF CONGRESS,
LITTON INDUSTRIES,
LITTON INDUSTRIES,
LUCAs MacHINE,

HUDSON,
MitcH.
R.K.,

WASHINGTON,
iNc.,
INC.,
CLEVELARND,

D.C.
BEVERLY HILLS,
WASHINGTON,
oo

MACHINE PRODUCTS COMPANY,
MAINE, UNIVERSITY GF, PORTLAND. ME.
MALLORY, P.R. METALLURGICAL COMPANY,
INDIANAPOLIS, IND.
MAR 1 AN COLLEGE, INDIANAPOLIS, [ND.
MASON & COMPANY, INC., NEWPORT NEws, Va.
MECHANICAL MANUFACTURING, INC., FARMINGT
MECHANICAL TeCHNOLOGY INC., LATHAM, N.Y.
MELFRED WELDING & MFG,.,, INC., LOS ANGELE
MICROMATIC HONE CORPORATION, DETROIT, M1
Micro-Swiss, InNC., CHERRY HILL, N.J.
Mipway COMPANY, LoDi, N.J.
MiNE SAFETY APPLIANCES COMPANY,
MINNESOTA, UNIVERSITY OF, MINNEAPOLIS,
MIiSSOURL, UNIVERSITY OF, CLAYTON, Mo,
MoDERN PLASTICS ENCYCLOPEDIA, NEF YoRy,
MODINE MFG., COMPANY, RACINE, WISC,
MOTCH AND MERRYWEATHER MACHINERY, CINCIN

LOveELAND, OHIO

PITTSBUR

NASA, SANDUSKY, ONiO
NATIONAL AUTOMATIC TooL Co., RiCHMOND, |
NATIONAL GAGE & DIE COMPANY, AGAWAM, MaS
NATIONAL JET SALES COGRPORATION, LA VaLE,
NAVY, DEPARTMENT OF THE, VALLEJO, CALIF.
NEw BRITAIN MACHINE CO., THE, CLEVELAND,
New YorRK GEAR WORKS, LONG ISLAND, N.Y.
NEW¥ YORK, STATE UNIVERSITY OF, Stonv Bro
NORBERG MANUFACTURING COMPANY, M!ILWAUKEE
NORTH AMERICAN PHiLIPS CO,, INC., BRIARC
MANDOR, N.Y.
NORTH AMERI CAN RoCKwELL CORP.,
NORTH AMERICAN ROCKWELL CORP.,
NORTHEASTERN ToOoL COMPANY,
NORTHROP CORPORATION, AMAHELI!M, CALIF,
NORTON COMPANY, CINCINNATI, QRIQ
NUMERICAL CONTROL PRCGRAM SERV.
ABINGTON, Pa,

Dowwney,
LONG Beac
HAVERHILL, Ma

INC.,

OWENS-1LLINOIS INC., PiTTSBURGH, PA.
D2ZONE METALS PRODUCTS CORP., OZGNE FPARK,

PACIFIC PUMPING COMPANY,
PALMER ELECTRONICS INC.,
PARSONS DiIAMOND PRODUCTS,
HARTFORDG, CONN.
PATKAY, STEPHEN & ASSOCIATES,
PENNSALTY CHEMICALS CoRP.. KING OF PRUSSI
PirER AIRCRAFT CORPORATION, VERO BEACH,
PLAS-MET MANUFACTURING CORPORATION,
PORTER-McLEOD MaCHINE TooL CoO., INC.,
HATFIELD, MASS.

OAKLAND, CALIF.,
GArRFIELD. N.J,
INC., WEST

PASAGENA,

FIGURE 23 (cont.)

SPOKANE,
VALLEY STRIAM,

WESTLAKE,

N.Y.

Mice,

Onio
MASS,

CaLiF.

D.C.

WasmM.

ON, MICH.

s, CaLt
CH.

GH, PA.

MINN.

N.Y.
NATL,
ND.
S,

MO .

OH1O

F.

Onio

ox, N.Y.

, Wisc.
LIFF

CALIF.

H, CAL1
SS.

N.Y.

CALIF,
A, Pa.
FLA.

B!DDEFORD,

F.

ME .
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PORTFR PRECISIAN PrROpUSTS,
Prosrect Toor & Die Co.,
PUREX CORPORATION, LTD.,

CINCINNATY
WOBURN, MAss,
WILMINGTON, CALIF,

Onro

RACINE HYDRAULICS & MACHINERY,
RAYTHECON COMPANY, ANDOVER,
REASSELALR POLYTECHNIC twusT., TRov, N.Y.
REMINGTON ARMS COMPANY INC., ILION, N.Y,
RIENIER ENGINEERING & TOOL INC., DETRCIT,
ROCKWELL MANUFACTURING COMPANY, BARBERTON,
ROcCkwELL MANUFACTURING COMPANY,

INC. .,
Mass.

RACINE,

SKF INDUSTRIES, INC,, MAsSsItLON, OHIO
SCHRADER AuTOoMOTiIVE PRODUCTS, DICKSUN,
ScaroL INC., PROVIDENCE, R.T.

SCINSHE IMER, W.G., & ASsoC., CINCINNATI,
SERVOMETER CORPORATION, CLiFTON, N.J.
SIEXMANN, Jack, GROsSSE POINT, MICH.
SiuMONGS PRECISION PRODUCTS (NT., VERGENNES,

TENN.

OHIO

SMALL BUSINESS ADMIN., SanN FrRANCiscO, CaLif,
SMaLL BusiINESS AOMIN., WASHINGTON, D.C.
SMALL BusineEsS ADMIN., BosTon, Mass.

SmaLt BusiNess ApMmin., DETROIT, MICH,

SmaLt BUSINESS ADMIN,, NEw YORK, N.Y.

SMALL BuSINESS ADMIN., Dattas, Tex.

SOoutH BEND LATHE, SouTH BEND, IND.

SOUTHERN CAL:IFORNIA,
CALF,

SOUTHERN MINNESOTA STATE COLLEGE,
SPEEDRING CORPORATION, WARREN,
SPERRY RAND CORPORATION, ST.
SPERR? RAND CORPORATION, BELLEVIEW, PA.
STANDARD PRESSED STEEL, JENKINTOWN. PA,
STRAUCHEN & MCK:!M ADVERTIEING, CINCINNATY,
STRESSKIN PRODUCTS COMPANY, SANTA ANA,
SYSTEMS TECHNOLOGY CORFORATHON, DAYTON,

UNIVERSITY OF,

MARSHALL,
MICH,
PauL, MINN,

CAviF,
OHD

TRW, ReoonbO BEACH,
TAYLOR & COMPANY [NC.,
TAYLOR-WHARTOK (COMPANY,
TecHno TRuck Mf6., Co,, CLEVELAND, OQHIO

Texas A & M UNIVERSITY, COLLEGE STATION, TEX.
THERMO ELECTRON CORPORAT!ION, WOBURN, MASS.
THioKkOoL CHEMICAL CORPORATION, MARSHALL, TEX.
ToLeco, UNIVERSITY OF, TOLEDO, CHIO

TooL STCEL GEAR & Piw1ON (0., CUINCINNATI,
TOOLMAN CoMPANY, THE, PASADENA, CALIF.
TOOLING AND PRODUCTtON, CLEVELAND, OntO
TORRINGTON COMPANY, THE, TORRINGTON, CONN,
TORAINGTON COMPANY, THe, Umion, S.C.

Twin Disc, INC., RAC!NE, WisSC.

CALIF.
DAYTON, Outo
NORwoOOD, OHIO

UTD CORPORATION, FARMINGVILLE, N.Y,

UTD CorPORATION, CINCINNATE, QHIO

U.S. DEPARTMENT OF COMMERCE, WASHINGTON, D.C.
U.S. NAVAL ORDNANCE LAB, S1_VER SPRING, MD.
U.S. ARMY - FORT DETRICK, FREBZRICK, MD.

U.S. 3Tcec CORPORATION, PITTSBURGH, PA.
UNICHEM CORPORATION, WARREN, MiICH.
UNIDYNAMICS, SY. Louis, Mo.
UNI1ON CaARBIDOE CORPORATION,
UNION CARBIDE CORPORATION,
UNiON MACHINE COMPANY. SAN FRANCISCO, CALIF.
UNISON CORPORATION, MADISON HEIGHTS, MIiCH.
UNiTED GREENFIELD CORPORATION, ROGERS, ARK.
UNITED ENGINEERING & MFG., STRATFORD, CONN.
Ursan LEAGUE, CINCINNATI, OHlO

NEW YORK, N.Y,
PARMA, QHtQ

VALUE ENGINEERING COMPANY,
VERMONT ART STUDIO,

ALEXANDRIA, Va.
PITTSFOURD, VT,

wWisc,

MIcH.
OMio
PITTS8URGH, Pa,

VA

LOS ANGELES,

MINN.

OHlo

OHi0




f
3 .
F 1
VERMONT PREC!S10N PRODUCTS, INC., BARTONSVILLE, VT, WESTERN ELECTRIC COMPANY, INC., KEARNEY, N.J.
VERMONT STRUCTURAL STEEL CORPORATION, BURLINGTON, VT, WESTERN ELECTRIC COMPANY, INC., SALEM, N.C.
VERMONT TAP & Dig COMPANY, LOUISVILLE, KY. WESTINGHOUSE ELECTRIC CORP,, LIMA, OHlO
VERMONT , UNIVERSITY OF, BURLINGTON, VT. WESTINGHOUSE ELECTRIC CO%P.. DERBY, Pa,
VIRGINIA STATE TECHNICAL SERVICE, ARLINGTON, VA, WHITNEY-KAPPES INC., CINCINNATI, QOHiO
VULCAN = CINCINNATI, CINCINNATIi, OHIO WHITTAKER CORPORAT'ON, LOs ANGELES, CALIF.
Winona TooL MANUFACTURING COMPANY, WINONA, MiNN,
WADELL FQuiPMENT COMPANY, INC., CLARK, N.J. WOODWARD GOVERNUR COMPANY, ROCKFORD, ILL.
Wan CHANG ALBANY CORP., ALBANY, OREG. WRIGHT, FRED D. Co., iNC., NASHVILLE, TENN,
WALKER MACHINERY COMPANY, CINCINNATE, QHIO
; WEATHERHEAD COMPANY, SYRACUSE, INC. XOMOX CONTINENTAL MFG, CO., CINCINNATI, QOHIO
i WEMCO MANUFACTURING CORPORATION, COLORADC SPRINGS,
. CoLo. YORDE MACHINE PRODUCTS COMPANY, NELSONVILLE, QHIO

WEST VIRGINIA UNIVEASITY, MDRGANTOWN, W. Va,

ZARKIN MACHINE COMPANY, INC., LONG |SLAND, N.Y.
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SUMMARY OF SPECIFIC INQUIRIES BY COMPANIES MAKING 5 OR MORE REQUESTS

October 1, 1964 - July 31, 1958

ABEX CORPORATION {3)*

AEROJET-GENERAL CORPORATION (6) *
AERONCA MANUFACTURING COMPANY
AEROSPACE RESEARCH APPLICATIONS CENTER
AIR FORCE, DEPARTMENT OF THE (7)*
ALLEGHENY-LUDLUM Co. (3)*

ALLIS-CHALMERS MANUFACTURING COMPANY (2])*

ALTAMIL CORPORATION

AMERICAN SOCIETY OoF TooL &
MANUFACTURING ENGINEERS (2)*

AMERICAN SOCIETY FOR METALS

AMERICAN ToOL WORKS

AMFORGE INC.

ARGONNE NATIONAL LABORATORY

ARIZONA STATE UNIVERS!ITY

ARMCO STEEL CORPORATION (4)*

ARMY, DEPARTMENT OF THE (2)=*

AVCO CORPORATION {B)*

BARRY-WEHMILLER

BATTELLE MEMORIAL INSTITUTE (3)*

BELL HELICOPTER COMPANY

BENDIX CORPORATION (THE) (13)*

BERLIN SUPPLY COMPANY

BOEING CoMPANY (THE) (6)*

BOMAR (COMPANY

B00Z ALLEN, APPLIED RESEARCH, INC. (2}*

DoRG=-WARNER COMPANY {3)*

BAUSH BERYLL!uM ComMpaNY {THE) (3)*

BUEHLER CORPORATION (THE)

BULLARD COMPANY (THE)

BURNDY CO"LORATION

CAaLIFORNYIA GENERAL, [NC.

CARHORUNDUM COMPAHY

CARMET CCRPORATION

CARRIER AIR CONDITION (NG CO.

CATERPILLAR TRACTOR COUMPANY (2)°*

CHRYSLER CORPORATION (3)*

CINCINNATI, UNIVERSITY OF

CINCINNATI LATHE B ToorL COMPANY

CINCINNATE MILLING MACHINE Co. (THE) (2)*

CINCINNAT! SHAFER COMPANY

CLEVELAND AUTOMATIC MACHINE ToOL Co.

CONTINENTAL AVIATION & ENGINEERING
CorP, (2)*

CORNELL AERONAUTICAL LABORATORY, INC.

CORNINSG GLASS WORKS

CRUCIBLE STEEL COMPANY OF AMERICA (3)°

CumMminNs ENGINE COMPANY, INC.

CURT ! 55-WRiGHT CORPORATION (3)*

DeLavat TuRBINE INC.

Do ALL CompAaNy (2)*

Dow CHEMICAL COMPANY (3)*

DUNCAN MANUFACTURING CoO.

DuPoNT, E.i. DENEMOURS & CoO., INC. (3)*

DYNAMICS CORPORATION OF AMERICA

ELECTRIC Propucts Inc. (2)*

ELECTRICAL MACHINING [NC.

ELECTRONICS SPECIALTY COMPANY

ELLIQT COMPANY

FEDERAL MOGUL CORPORATIQON

FORD MOTOR COMPANY (5}*

GARRETT CORPORATION (3)*

GENERAL DYNAMICE CORPORATION (5)*

GENERAL ELECTRIC COMPANY {35)*

GENERAL MOTORS CORPORATION (15)*

( )* No. oF DivVISIONS

FIGURE 24
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GLiooom CoMPANY (THF)
GOODYEAR AEROSPACE {NRPORATION
GRAY, G.A., CoMmPanNy (THE)
GRUMMAN AI1RCRAFT ENGINEERING (CORP. (2)*
HEWLETT PACKARD
HOBART MANUFACTURING CoMmMPany (2)¢
HoLtEYy CARBURETOR COMPANY (2)*
HONEYWELL, INC, (4)*
HUGHES AIRCRAFT (CoMpany (6)*
HumaLe Oi1L & REFINING CO. (4)”
11T RESEARCH INSTITyYTE
tLLINOI S, UNIVERSITY OF
InGERSALL MILLING Macuing Co. {(THE}
INGERSCLL RAND COMPANY (4)*
INTERNATIONAL BUSINESS MACHINE
CorpP, {(10)*
INTERNATIONAL NickeL Co,, INC.
(Tre) {(4)=
JERBDEN MANUFACTURING Co.
JonESs & Lamson
KENNAMETAL, INC, f{4)+
KInsEY, E.A., CoMPANY (THE)
KRONENBERG, DR, MAX
LADISH COMPANY
LAKEW0OD MANUFACTURING CO.
LeBLoxp, R.K. MACHINE Toot Co.
{Thne) (2)+
LiING-TEMCO-VOUGHT, INC. (3)*
LiTTon INDUSTRIES (2)*
LOCKHEED AIRCRAFT CORPORATION (5}*
LODGE & SHIPLEY COMPANY (THE)}
MACHINE DESIGN
MACHINERY {2)*
MARQUARDT CURPORATION {(THE)
MARQUETTE METAL PRODUCTS Co.
MARTIN CoMPany (4)*
MASSACHUSETTS INSTITUTE OF
TECHNOLOGY
MASSEY-FERGUSON INC.
McDONNELL DoucLAas CORPORATION {
MENASCO MANUFACTURING COMPANY
METALWORKING MAGAZINE
METCUT RESEARCH ASSOGCIATEsS INC.
METEM CORPORATION
MICHIGAN, UNIVERSITY OFf
MODERN MACHINE SHoRr (3)*
MoNSANTO REsearCH CORPORATION (3)*
MooG INC,
MOREHEAD STATE UNIVERSITY
NATIONAL AERINAUTICS & SPACE
ADMINISTRATION (6)*
NATIiONAL LeEAD COMPANY (2)*
NAVY, DEPARTMENT OF THE (5)*
NEW BRtTain MACHINE Co. (THE) (2)*
NEw ENGLAND RESEARCH AFPLICATION
CENTER
NORTH AMERICAN ROCKWELL
CORPORATION (9)*
NORTH CAROLINA STATE UNIVERSITY
NCRTHROP CORPQRATION (2)*
NORTON COMPANY (2)*
OWENS-TLLINOIS {3)*
PENNSYLVANIA STATE UNIVERSITY
[THE)
PHiLCO CORPORATION {2)*

SEE APPENDIX, PAGE A-14
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PIONEER ASTRO INDUSTRIES INC.
PLANET PRODUCTS CORPORATION

PRATT & WHITNEY AIRCRAFT {3)*
RAD10 CORPORAT!ON OF AMERICA (4)*
RAYTHEON COMPANY (4)*

REACTIVE METALS, INC.

REYNULDS METALS COMPANY

ROCK ISLAND ARSENAL

Ro#® CORPORATION

SAND1A CORPOKAT!ON

SMALL BUSINESS ADMINISTRATION (12)%

SOUTHERN [LLINGIS UNIVERSITY

SPERRY RAND CORPORATION (10)*

STANDARD Q1L ComPaNY (THE) (3)*

Stanparp Fressep STeeL Co,

STATE UNIVERSITY OF NEW YORK AT
BINGHAMTON (2}=

STEEL MAGAZINE

SUNDSTRANG COAPORATION (4)+

TRW, INC. (6)=

TELEDYNE COMPANY (6)*

TENNESSEE, UNIVERSITY OF (2)+*

TEXACG EXPERIMENT Inc., (2)*

THERM, 1INC.

41

THIOKOL CHEMICAL CORPORATION (2)%

TINKER AIR FORCE Base

TooL SaLES & SERVICE

TooL STEEL GEAR & PiNION CO. (THE)

U.S. DEPARTMENT OF COMMERCE (2)*

U.S. DEPARTMENT OF DEFENSE

U.5., NAvaL APPLIED SCIENCE
LABORATORY (2)*

UTD CORPORATION (4)*

UNI1ON CARBIDE CORPORATION (7)*

UNITED AIRCRAFT CORPORATE SYSTEMS
CENTER (3)*

VALERON CORPORATION (THE) (3)*

VAN STYRAATEN CHEMICAL COMPANY

VERMONT AMEPICAN CORPQORAYION

VERMONT, UNIVERSITY OF

WALMET CORPORALIGN (THE) (2)+

WAUKESHA CuTTING TooLs

WAYNE STATE UNIVERSITY

WESTERN ELECTRIC CUMPANY, INC. {§)*

WESTINGHOUSE ELECTRIC CORPORATION (12)=

WHITTAXKER CORPORATION (3)*

WINDSOR MANUFACTURING (2)*
WRIGHT-PATTERSON AiR FORCE BASE (5)=

WYMAN-GORDON COMPANY (2)°
XEROX CORPORATION

(2)* 8

~
ow~

o~ —— —

-] =t

6
&
5
6
1
5
5
1
6
2
6
Q
5
2
6

FIGURE 24 (cent.)
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SEE APPENDIX, PAGE A-1I5
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PRUSTEN

DATA ACQUISITION PLANT VISIT PROGRAM

LIST OF COMPANIES THR®GH !ULY 31, 1989

Atrojet-General Corporatiaon
Sacramento, California

Amrospace Research Applications Center
Bioomington, landiana

AiResearch Manufacturing Company
Phosnix, Arizonz

American Bosch Arma Cosporation
Garden City, Nex York

American Wealding & Manufacturing Company
Warren, Dhio

Argonna National Laboratory
Argonna, 1llinois

Avco Corporation
Nashville, Tennessee

Beach Aircraft Corporation
Wichita, Kansas

Bell Helicopter Company
Ft. Worth, Texas

Bendix Corporation
Taterboro, New jersey

Boeing Company (The)
Wichita, Kansas

Boeing Company (The) (2)*
Seattie, Washington

General Dynamics Corperation
San Diego, Celifornia

Generat Oynamics Corporation (3)*
Ft. Waorth, Texas

General Efsctric Company
Phoenix, Arizena

Giddings & Lewis Inc.
Fond Bu Lac, Wisconsin

Grinding Whael jnstituta
Pittsburgh, Pennsylvanid

Hughas Aircraft Company
Tucson, Arizons

Hughes Aircraft Company
Culver City, Califarnia

Kaiser Aerospace & Electronics
Glendate, California

Kaiser Asrospace & Electronics (2)*
San Leandro, Catifornia

Ling-Temco-Vought, Inc,
Dallas, Texas

Lockneed Aircraft Corporation (2)*
Burbank, California

Lockheed-Georgia Company
Marietta, Georgia

( )* more than ona visit

46

Lockhaed Aircraft Corporation
Sunnyvale, Califaornia

Martin Company
0rlando, Florida

Menasco Manufacturing Company
Burisank, California

McOonneil Bouglas Corporatian
Long Beach, California

McOonne!| bouglas Corparation
Santa Monica, California

Mclonne! |l Dougias Corporation
St. Louis, Missouri

Nofth American Rockwell Corporation
Anaheim, California

North American Rockwell Corporation
Downey, California

North American Rotkweil Dorporation (2)*
Cancga Park, California

North American Rockwel! Corporatian (4)+*
Los Apgeies, California

Nofthrop Norair
Hawthorne, California

Northrop ventura
Newbury Park, California

Pratt & Whitney Aifcraft
West Paim Beacn, Florida

RCA
Camden, New jersey

Sandia Corporation
Albugquerque, New Mex.co

Solar/Div. of international Harvester
San Diego, California

Sperry Gyroscope Company
Great Neck, New York

Sperry Rand Corporation
Sperry Flight Systems Division
Phoenix, Afizona

TRW
Cleveland, COhio

Tinke - Air Force Base
Okla ma City, Oklahoma

gnion Carbide Corporation
Oak Ridge, Tennessee

Wastern Electric Company, Inc.
Okiahoma City, Oklahoma

Westinghouse Electric Corporation
Sunnyvaie, Califeinia

SEE APPENDIX, PAGE A-16
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CODE SHEET FOR PROJECT TIME CARD

{USED BY EMPI OYEES FOR RECORDING HOURS ON DAILY TIME CARDS)

DIRECT LABOR

iNQUIRIES

INQUIIRY STRAGETY AND INQUIRY APPPT AL

ML TnNING DAva ANALTIID

ANSWERING INQUIRIES
CATA PRESCESSING
KEYRUACH NG
VERIFICATION
SORTING
CoDING
DECOV ING
CoMPUTER PROCESSING
LATA CONTROL
FORM3 AND DOCUMENT HANDLING
TATA ACQUISITION®
SPECIAL ACQUISITION FOR INQUIRIES
REPRODUCTION®
XEROX
Ditro
DRAWING
SYSTEMS ANALYSIS
TeECHN ICAL REVIEW
COST EVALUATION
VISITS TO AFMDC — TECHNICAL®
MATERIALS SUPPORT DIV SION
OTHERS

ORIGINAL DATA ENTRY

CMGINEERING SUPERVISION

TECHNICAL PLan~iNg
MACHINING DATA ANALYSIS

PREL IMINARY SCREENING

PRELIMINARY TECHNICAL EVALUATION

FiNAL T.. 1cAL Tvaruation (put Document

Co.'rol M . on Patly i1me Slip)
CORRELATION OF MACHINING DATA
VARIABLES

CATA PROCESSING

KEYPUNCHING

VERIF ICATION

SORTING

CODING

DECOD ING

CoMPUTER PROCESSING
CATA CONTROL

FORMS AND DOCUMENT HANDL ING
REPRODUCTIUN

XEROX

DrawinG OF DATA SHEETS, ETC.
SYSTEMS ANALYSIS

TECHNICAL REVIEW

COST EVALUATION

DATA ACQUISITION EVALUATION

1000

1110
Tt

e
1121

1130
t3y

1132
i133
1134
1135
1136

114cC
1141
1150
1151
1160

P16t
1163
1165
t170

117
1172

1180

1181
1182

1210
1211
1220

1221
1222

1223
1224

1230
1231

1232
1233
1234
1235
1236
1240
1241

1250
1251

1253
1260
1261

1262
1263

*Put [ngquirer and Sequence numbers in Operation space

; N . v , ar
o Time Card. The Inyuirer Nu. and Sequence Yo,

blocked o -t at the top of IF-1 as shown here:

SEE APPENDIX, PAGE A-16
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are those
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CATA ADQUISITIGN = L1 TERATURE

INCUSTRIAL CONTRIBUTORS OF MacHining
REPORTS ANy CASE HISTORIELS

DomesTic PERIOOICAL LITERATURE

FOREIGN PER ODICAL LITERATURE

INDUSTREAL THADE LITERATURE

TECHNICAL InsTETUTIONS, PROfFL3SionaL
SCCIETIES, AND ASSOCIAT!IONS

PysLiSHERS OF HANDBOCKS, MANUALS, EQOKS

INFORMATION CENTEPRS

GOVERNMENT AGENCIES

MACHINABILITY LABORATORIES

DATA ACQUISITION — BY TECHNICAL PERSONNEL

PLANT VISITS

TELEPHONE, TWX, TELEGRAM

LETTERS

TECHNICAL MEETINGS (MACHINABILITY)
TECHNICAL MEETINGS (!NFORMATION SCIENCE)
ForetGn PULANT VISiTs

FOREI1GN TECHNICAL MEETINGS

INDUSTRY SPECiAL

DATA STORAGE

DOCUMENT FiLE
SUPPORT INFOPMATION {(ROOKS, ETC,)

GENERAL OISSFYINATION OF MACHINABILITY
DATA AND CENTER INFORMATION

PUBLICAT!ON IN TECHNICAL LITERATURE

PRESENTATION AT TECKHNICAL MEETINGS

PRESENTATION AT PLANTS

STATE TECHNICAL SERVICER PROGRAMS

AFMDC ExHIBITS

NEWSPAPERS (METALWORKING, ETc.) & MAGAZINES

User LisT (TECHNICAL ASPECTS)

User LtsST PRODUCTS

NONTECHNICAL EDITING, REPSNDUCTINN &
HANDL ING

AFMDC PAMPHLETS, ANNOUNCEMENTS. £7€C.

SPECIAL REPORTS (STATE-OF-THE-ART, ETC.)

BiBLIOGRAPHIES

AFMOC SYSTEM REPORTS AND MEETINGS

MONTHLY:! {MTD)

QUARTERLY (MTD)

ANNUAL {MTD)

OPERATIONS MANUAL

DETAILED CODE Book

AFMDC MEETINGS

Air Forct MATERIALS LABORATORY AND
INFORMATION BRANCH MEETINGS, REPORTS,
AND CONFERENCES

SPECIAL REPORTS FOR MATERIALS SUPPORT
Division, DOD, ETC,

MACHINING DATA VERIFICATION - EXPERIMENTAL

(PROVISIONAL - PRESENTLY INACTIVE)
PLANNING
TESTING
RerPCRTS

T

| S R Au it S —

FIGURE 29

127¢

1271
t272
1273
1274

1275
12786
1277
1278
1279

1280

t2a1
1282
1283
1284
1285
1286
1287
i2g8

1290

1291
1292

1310
1311
1312
1313
tazo
1330
1340
1350

1355
1360
1370
1380

1410
1420
1430
1440
1450
1460

1470

1480

1501
1502
1503

N 4

%

«
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F.

CODE SHEET FOR PROJECT TIME CARD (continucd)

SYSTEMS ANALYS|S ~ GENERAL

1130 CompuTING SYSTEM {SYSTEMS ASPECTS)

STavTIsTicAL PRUGRAM FOR ANALYS!IS OF
CENTER EFFECTIVENESS (SPACE)

1130 CompPuTING SYSTeM (TECHNICAL ASPECTS)

INOIRECT LABCR

GeNERAL REPAIR, CLEANING, PAINTING
TRAINING

SICKNESS OR EXCUSID ABSENCE

YACATION

ACOUISITION OF M#10R FACILITIES AND
TQUIPMENT

AcouisiTicy OF MINOR EQUIPMENT AND
SUPPLIES

PROPOSALS AND SETTING UP PROGRAMS

TecHNiICAL MEETINGS AND PAPERS (NOT DIRECTLY
RELATED TO AFMDC)

GENERAL APMDC CLERICAL AND OFF1CE WORK

GENERAL AFMDC ADMINISTRATION

TYPinG AND CLERICAL ON INOUIRIES

TYPING AND CLERICAL Ok ORIGINAL DATA
ENTRIES

HANPLING OF MaiL

PersonnzrL (HIRING, ETC.)

USER FILE (TYPING AND CLERICAL)

Vis1TorRS {TRANSFORTATION, SYsTeMm
DEMONSTRATION, GENERAL AFMDC
INFORMAT [ ON)

DaTta Processing {Time Carops, g7C.)

Typing AND CLERICAL ON USeErR PRODuUCTS

MISCELLANEOUS AFMDC NONCHARGEABLE SERVICES

L1BRARY-SUPPORT INFORMATION

FIGURE 28 (ctont.)

1610

1620
163¢

o101
0102
0103
0104

0105

2106
[RE

o127
0128
0150
01351

0152
0153
0154
0155

0156
0157
0158
0159
160

48

PURCHASES
FGR PURCHMASES PRECEDE CODE BY: 1000
Eiamples:

1000-1230 IBM CARDS FOR DATA PROCESSING, ETC.
1000-0000 INDIRECT CHARGES SUCH AS GERERAL SUPPLIES
1600-1272 FuURCHASE OF DSOMESTIC PERIODICAL LITERATURE

S b e s M
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ko é %
! B
3 ;
: AFMDC DAILY TIME SLIP 1
4 H H
v
i
§ LMPLOYEE®S OPERATIONAL 3
H AkES (MACHINING DATA _
i ANAL{SIS) 4
{ 1§ EMPLOYEE NukiER j
i e A p. ]
! METCUT RESEAACH Assacmf\s "e / ;
: N ANSWERING 7
! f §NQUIRIES PA"—Y TIME SLIP SPECIFIC COMPANY
H \\ / ,/MAKlNG InNgQuiny
P -
Lo E ~
i ~ é -
? ~ | Nave e, SN D’EQ -
§ N _CLOCK No. q. zzo DATE 9.-‘18 (%3
H OPERATIONAL \\ TIME
i
e | oBNe | oremamg Tl v| ol
DATA ANALYS1S= o N ! v
% Cooe 4) $I7ZI 0009.!3067 —?_L_Q-—.__‘ 35::::15:‘-
i - SeEcific
f' ﬂ‘iﬁég QﬁQQQ}‘ l~D INQUIRY .
: ~
. <3- 122 ~a 3.5
: i - pal § —
n 7128l ~ L&
: § g ~—
¥ Finap - / S
i £ Tecunical ™ / S~ DoCUMENT NuMBER
i EVALUATION / - QSSIGNEO(TO Dara
¥ ropucty {IN
t y PROCESS)
{ /
[ WoRK IN /
FA ANOTHER
' OPERATIONAL/
AREA {DaTA
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AFMDC OPERATING COSTS
OCTOBER f, 1968 - JULY 31, 1969

INPUT COSTS i
TECHNICAL EVALUAT ION $  37,628.04
DATA PROCESSING 26,703.77
OOCUMENT ACOUISITION & REPRODUCTION 15,588, 70
80,920.51
EQUIPMINT, SUPPLIES & SERVICES 10,641,713
TOTAL 31,562.24
OUTPUT COSTS
INQUIRIES:
TECHNICAL EVALUATION $  45,283.70
DATA PROCESSING & RETRIEVAL 11,588.60
DATA ACQUISITION & REPROOUCTION 8,108.20
GOVERNMENT AGENCIES 4,849,58 62,981,50
(NOT INCLUDING SBA & STSP)
ALL OTHER ORGANIZATIONS 58,131,892
TOTAL 62,881,50
DATA PRODUCTS:
DATA PROGYCTS COMPLETED & IN PROCESS ( INCLUDING PRINTING COSTS) 5 19,285.82
EQUIPMENT, SUPPLIES & SERVICES B, 456,47
25,752, 08
TOTAL
38,733.59
GENERAL DISSEMINATION
GENERAL DISSEMINATION DF MACHINABILITY DATA & CENTER INFORMATION s 4,289.7¢
EGUIPMENT, SUPPLIES & SERVICES 1,403.88
TOTAL 5,893.04
REPORTS
AFMDC SYSTEMS REPORTS:
AFMDC, MSD AND INFORMATION BRANCH MEETINGS AND SPECIAL MSO REPORTS $ 16.574.08
EQUIPMENT, SUPPLIES & SERVICES 4,482,498
TOTAL 21,026.57
SYSTEMS ANALYSIS, MODIFICATION & CONTROL
TECHN ICAL EVALUATION $  2,818.88
DATA PROCESSING - IBM 1130 COMPUTING SYSTEM:
TECHNICAL ASPECTS 1,139,091
SYSTEMS ASPECTS ,820,27
OPERATIONS MANUAL & CODE BOOK REVISIONS & ADDITIONS 1,525,00
15,404, 14
EQUIPMENT, SUPPLIES & SERVICES 1,529, 76
ToTAL 16,833.60
TOTAL ACTUAL COSTS NOT INCLUDING FIXED FEE § 223,050,094
SEE APPENDIX, PAGE A-15 51 FIGURE 32
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AFMDC INPUT & OUTPUT SUMMAR)Y
October 1, 1364 - July 31, 1969

SYSTEM INPUT

Document and Card Totals
Documents Entered into the System (including Specific Inquiries)

Oct. 1, 1964 - Jan. 31, 1967
Feb, 1, 1967 - Jan. 31, 1968
Feb, 1, 1968 - Sept. 30, 1958
Oct. 1, 1968 - July 31, 1969
Total
Fvaluated Deocuments (including 3pecific Inquiries
Oct. 1, 1964 - Jan. 31, 1967
Peb. 1, 1967 - Jan. 31, 1968
Feb. 1, 1968 - Sept. 30, 1968
Oct, 1, 1968 - July 31, 1969
Total
Total Cards Punched
gct. 1, 1964 - Jan. 31, 1967
Feb. 1, 1867 - Jan. 31, 1968
Feb. 1, 1968 - Sept. 30, 1968
QOct., 1, 1968 - July 31, 1969
Total

SYSTEM OUTPUT
Specific Inguiries
Inquiries Received October 1, 1964 - January 31, 1966
Individual Organizations Represented
U.S. Government Standard Industrial Classification (SIC) Represented

Inquiries Received Pebruary 1, 1966 - January 31, 1967
Individual Organizations Represented
U.S. Government Standard Industrial Classification (SIC) Represented

Inquiries Received February 1, 1967 - January 31, 1968

Individual Organizations Represented

Individuals Represented

U.S. Government Standard Industrial Classification (SIC) Represented

Inquiries Keceived February 1, 1968 - Septemter 30, 1968

Individual Organizations Represented

Individuals Represented

U.S. Government Standard Industrial Classification (SIC) Represented

Inquiries Received October 1, 1968 - July 31, 1969

Individual Organizations Represented

Individuals Represanted

U.S. Government Standard Industrial Classification (SIC) Represented

FIGURE a3 52

17,576
3,095
o, 341
5,316

26,528

9, 367
3,734
2,840
3,780
19,721

75,173
27,077
13,833
33,868

149, 951

595
314
72

136
326
90

1,002
485
690

96

982
439
596
105

1,141
520
753
106

SEE APPENDIX, PAGE A-18
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Nata Products

AFMDC 65-
AMMDC 66-
AFMDC 66-
AFMDC 66-
AFMDC 66~
ARMDC 66~
AFMDC 66~
AMDTC 66~
AFMDC 66-
AMMDC 66-2
APMDC 66-
APMDC 68-

APMDC 68-

Unit Costs

Per Inqui
Per Inqui
Per Inqui
Per Inqui
Per Inqui

Average C

AFMDC INPUT & OUTPUT SUIMARY {.on'*.)

Copies
Distributcd
1, Machirning Data for Titasium Alloys 2,925
1, Machining Data for Numerical Control 910
1.1, Machiping Data for Numerical Control-Turning 1,171
1,2, Machining Data for Numerical Control-Fac~ Milliug 1. 107
1.3, Machipning Data for Numerical Control-Drilling 1,093
1.4, Machining Data for Numerical Control-Peripheral End Milling 1,082
1.5, Machining Data for Numerical Control-knd Mill Slotting 1, 065
1.6, Machining Data for Numerical Control-Tappirg 1, 060
1.7, Machining Data for Numerical Control-Reaming 1, 0560
., Grinding Ratios for Aerospace Alloys 927
3, Machining Data for Beryllium Metal 1,248
1, Determination & Analysis of Machining Cost & Production Rates
Using Computer Techniques 687
2, 1368 Supplement to Machining Data for Numerical Contrcl 497
ry (595) ~ Oct. 1964 - Jan, 1966 $ 47.49
ry (736) - Feb, 1966 - Jan. 1967 45.02
ry (1002) - Feb, 1967 - Jan. 1968 52. 66
ry (982) - Web, 1968 - Sept. 1968 58. 58
ry (1i41) - Oct. 1968 - July 1969 55.19
ost Per Inquiry (4456) - Oct. 1964 - July 1969 51.79

53

FiGURE 33 (cant.)
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ECONOMIC ENVIRONMENT FOR AFMDC OPERATIONS
(ANNUAL COSTS)

Lacor and Gverhead Josts for Operating Metal Cutting Machine Tools in

the Metalworking Industries in the United States

Eased oun the 1963 Inventory and actual 1961 and 1965 metal cutting

machine tool shipments, American Machinist estimated that approximateiy

2,500,000 wachine toole were in use at the end of 1965.

Total number of metal cutting machine tools in the metalworking

industries = 2,500,001
Average labor cost + overhead = $8.00 per hour
Average working day = 8 hours
Number of working days per year = 250
Average number of direct labor

personnel per machine = 1

Total cost of Labor + Qverhead:
2.500,000x $8.00 x 8 x 250 x 1

b

$40,000,000,000
$40,009, 000,000

Total Shipments Including Exports of Meta! Cutting Type Metalworking
Machinery

$1,046,766,000 (1965)

Source: U.S. Department of Commerce

Machine Tool Accessories Industry

$371, 000,000

(including small cutting tools for machine tools and meialworking
machinery in the cmount cf $598,000,000)

Source: 1965 Census of Manufacturers
Bureau of Census
Cutting Fluids
$35,000,000

Source: * Coolant Control... a plant study plan” by B. F. Wilson,
Automatic Macnining, Juae 1965.

FIGURE 34 54 SEE APPENDIX, PAGE A-17
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COST SAVINGS RESULTING FROM AFMDC'S OPERATION

OCTOBER i, 1964 - JULY 31, 1959

COST SAVINGS RESULTING FROM AFMDC’S
RESPONSE TO SPECIFIC INQUIRIES

Total Number of Specific Inquiries 4,456

Estimated Total Number of Machining Situations Included in the 4,456
Inquiries - 22 930

Estimated Savings per Machining Situation Response - $800.00

Estimated Total Savings Resulting from Specific Inquiries - 22,930
Machining 3ituations x $800.00 - $18,344,000.00

COST SAVINGS RESULTING FROM AFMDC’S 13 DATA PRODUCTS

Total Number of Data Product Copies Distributed - 17,833

Estimated Number of Machining Situations Utilized per Data
Product Copy - 5

Estimated Total Number of Machining Situations - 17,833 Date Product
Copies x § - 89,165

Estimated Savings per Machining Situation - $300.00

Estimated Total Savings Resulting from Data Products - 89,165 Machining
Situations x $300.00 - 26,749,500.00

Total Estimated Cost Savings Resulting from AFMDC'S Operation

$ 45,093,500.00

FIGURE 36

(430
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SEE APPENDIX, PABE A-18
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2.

6.

7.

10.

11.

12.

FUTURE PLANNING

MAJOR GOALS

Prepare and publish a major revision of the Machining Data Handbook. This will
require a significant amount of AFMDC effort.

Prepare cost savings analyses, provosed inquiry charges and related informa-
tion for the potential subscribers to AFMDC' S services.

Beginto institute inquiry charges to APMDC' s users,

Plan and institute a program designed to produce a high volume of sales of the
Machining Data Handbook in order to recover costs incurred in its preparation
and publication.

Set up seminars at AFMDC and in selected areas whereby key personnel involved
in manufacture of advanced aerospace vehicles will be invited to attend. One
of the prime subjects to be discussed at these seminars will be the machining
of titanium alloys which will be in heavy usage in these vehicles.

Continue the analyses of the considerable hard machining data in AcMDC storage
with the assist of the computer. The main objective is to determine what re-
lationships and correlations may exist between the various types of machining
parameters and work materials,

Increase utilization of AFMDC to meet the needs of industry personnel who have
the responsibility for producing hardware and solving machining problems,

Continue to identify and make personal contacts with personnel in all ech-
elons who can utilize machining information available from the Center, Em-
phasis will be given tc contractors, subcontractors and sub-subcontractors
producing components for advanced aerospace vehicles.

Continue coordination with the various State Technical Services Programs and
Smali Business Administration Technology Utilization Programs, Also, close
cooperation will continue with the National Referral Center and other Centers,
Establish closer coordination with the Foreign Technology Division for the
purpose of more extensive utilization of the foreign literature in their files
andwider dissemination of this information.

Continue the program of plant visitation to make industry aware of the datsa
stored by APMDC and to obtain cooperation for input to AFMDC.

Continue to study the potential of a computer data-link by users of the Center.

58 SEE APPENDIX, PAGE A-21
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APPENDIX

Description of AFMDC (page 1)

This description of AFMDC is distributed by the Center in the form of
a pink flver (3-172'" x 7-1/2'‘) with the information relating to Scope,
Collection, and Information Services on one side of the card and with
instructions on how to request machining information from AFMDC on the
nther side. The pink flyer is convenient in size which makes it possi=-
ble to include it in all types of mailings and te use it for handouts
at meetings and for Center visitors. Various plants have also used
AFMDC flyers to acquaint machining personnel with Center services.

By including detailed information on how to request machining informe-
tion, it ts hoped that some loss in time can be avoided and that the
search strategy required will be simplified. Information shown on page
1 has also been furnished for the Air Force Materials Information Cen-
ters (AFMIC) boovklet, February 1968.

AFMDC Organization Chart (Figure 1, page 2)

This Organization Chart is self-explanatory, but certain comments may
be helpful toward gaining a fuller understanding of the basic plan.
One of the most important aspects of AFMDC's organization relates to
use of engineering personnel. These persons are professionally trained,
experienced people who have the capability of judging the value of ma-
chiniung information for input purposes and to make techmical analyses
of output used for answering specific inquiries as well as developiug
data products.

Systems Analysts are employed on a part-time basis, with emphasis being
placed in three areas: 1) Data Processing, 2) Document Processing, and
3) Data Acquisition. Consultants are used to a limited extent,

Up to the present time, almost complete emphasis on document acquisi-
tion has been given to domestic considerations. Since the foreign lit-
erature and foreign efforts relating to machinability are significant,
this area has been covered by using a consuitant to report on foreign
trends as they may influence need for domestic cougnizance.

Since AFMDC is operated by Metcut Research Associates Ine., full advan-
tage 1s taken of the capabilities of Metcut personnel not associated
with AFMDC on a full-time basis. This includes Dr. Michael Field, pres-
ident of Metcut, Mr. Norman Zlatin, vice-president of Metcut, Dr. John
F. Kahles, vice-president of Metcut, and Mr. John Christopher, who is a
pruoject engineer in charge of experimental machining data being devel-
oped at Metcut.
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Since metal removal is a very complex technical discipline, it is ob-
vious that not all of the capability required can be centered in nne
organization, and therefore use has heen made of part-time analysts,
located at several companies.

Two important areas of AFMDC systems are document acquisition and data
processing. Document acquisition is responsible for acquiring input
from both domestic and foreign sources covering the entire broad scope
of machining information required to meet the output of the Center,.
Data processing is a key function required for storage and retrieval of
the detailed evaluated and coded information extracted by Machining
Data Analysts. Mechanical processing of data was accomplished prior to
July 1, 1966, by Electrical Accounting Machine (EAM) equipment. Part of
this equipment now supports the IBM 1130 computer, which is the medium
for storage and retrieval of processed information.

fFrom an information point of view, the Organization Chart also reflects
handling aspects of information which do not require full-time activity.
Trained competent secretarial personnel handle activities of the files
pertaining to inquiries and data products.

Part-time Systems Analysts are used to develop required computer pro-
grams and systems evaluation of current operations. Capability of full-
time engineering and data proc¢essing personnel has been developed to
supplement the effort now being expended by part-time Systems Analysts.

AFMDC Operational Areas (page 3)

Each of the functional areas of operation of AFMDC has been assigied a
code number from 1 through 9 and 0. These time codes are used in con-
nection with the codes shown in Figure 29, pages 47 and 48, Code Sheet
for Project Time Card. For example, a Machining Data Analyst in func-
tional area No. 4 who is answering inquiries will use the cole 4-1121.
If a Machining Data Analyst in area No. 4 is performing in another
operational area, such as assisting in technical aspects of document
acquisition by obtaining data frow industrial plants (see Figure 29,
pages 47 and 48, time code 1281), he will use the time code 7-1281.
Since the project time card also includes his employee number and the
operestional area in which he functions, it is possible to determine the
extent of time spent by employees in their principal assigned area as
compared with time they spend in other functional areas of the Center
(see actual Daily Time Slip, Figure 30, page 49). More important, the
stored punched card information from the project time card is valuable
in providing detailed analyses of the various cost aspects pertaining
to the Center’s operation.

AFMDC Operations Chart (Figure 2, page 4)

Basically the Operations Chart divides functions into two principal
parts: 1) System Input and Z) System Output. The other function shown
in the heading is System Analysis and is linked to input and output to
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insure and measure the effectiveness of the two wmajor functions., All
sources of information are referenced as documents’ regardless of
vhether they are journals, books, technical reports, data sheets, micro-
film, abstracts, etc.

System Input consists of the steps shown in Figure 2, page 4, which are
designed to accept any type of document from sny source and process it
so that each document becomes an entity within the system. The steps
are set so that documents may be evaluated as to the nature of the in-
formation contained in view of the computer programa and codes which
were established and are modified by System Analysis. In the prelimin-
ary screening step judgments are made by engineering personnel as to
whether documents received at AFNDC have valuable machining information.
The selected documents are then sent on to engineering personnel for
technical evaluation and the important information is extrzcted and
recorded using established codes and formats.

The depth to which a particular document is evaluated and the amount of
information extracted is dependent mainly on three factors: 1) the a-
mount of hard machining data, 2) the anticipated utilization of the in-
formation, based on previous inquiry experience, 3) the amount of good
reliable ihformation already in the files. In cases when a document
contains a limited amount of good information, only seven parametiers
of a machining situation are identified, if available: 1) machining
operation, 2) material hardness, 3) material condition, 4) heat treat-
ment, 5) material group, 6) material description, 7) tool material. All
of the significant reported information for each machining situation is
extracted from high yield documents, including numerical data and tool
geometry. The extracted information is placed on the forms in Figure 4,
page 7. These forms are given to a key punch operator who punches rards
which will be stored on the computer. A printout of this type of in-
formation is shown in Figure 8, page 11. All documeunts are assigned
uniterms, where applicable, to describe the text to the system. These
uniterms, together with the source control number, are punched into
cards. An exanple of a computer printovt of a search made on the Uni-
term File is shown in Figure 7, page 10.

System output consists of the three basic types of output: 1) specific
inquiries, 2) data products and 3) general dissemination. Specific in-
quiries may be submitted to AFMDC by anyone qualified as a User of

AFMDC. The request may he fcr specific data for a machining situation -

or series of machining operations, state-of-the-art studies, etc. A
list of the types of inquiries is shown in Figure 15, pages 18 and 19.

Data products are published hy AFMDC on timely subjects which are com-
prehensive studies and generally take the form of charts of data for
one or more alloys. The charts contain all the known data for machining
parameters, tool geometry, cutting fluid, tool material and other con-
siderations directly applicable to the machining situation. When data
products become available a notice is sent to every individual on the
User File. Through this notice the User is made aware of information
that may he applicable tc his needs.
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General dissemination takes the form of plant visits for coordination
(see page 46), writing technical papers or preparing exhibits for pre-
sentation at meetings or presentation in the literature. AFMDC is always
open to visitors and technical personnel are available to discuss vari-

ous problems in detail and to show the User how AFMDC can assist his
operation.

AFMDC User File Map (Figure 3, page 5)

The User File map shows the number of organizations per state and the
total number of individual Users in those organizations per state. These
figures include Ingustrial Firms, Government Agencies, Universities,
Colleges, other Centers, Publishers and Societies. Four states have no
Users and 17 states have 10 or less organizations. As would be expec-
ted, the heavy concentration of Users is in heavy industrial sections
and the West Coast aerospace industry.

Distribution of AFMDC User File (page 6}

The basi& User File was developed by using the following sources:

World Space Directory, Volume 3 No. 1 - This directory con-
tains a large index of plants associated with the aerospace
industry. An important section lists the ““*Major Missile
and Space Manufacturers’’. Request forms were sent to key
people in all of the company listings in this section, and
provision was made in the form allowing for listing addi-
tional personnel, personnel from other divisions and major
subcontractors.

Manufacturing Committee of the Aerospace Industries Associ-
ation, Washington, D.C. - This is an important aerospace
group which has need for machining information in the solu-
tion of their common industry problems.

The American Society for Engineering Education (including
members of the Engineering College Administrative Council,
Engineering College Research Council, Technical Institute
Council and Industrial Members) - Letters were sent to the
deans of all of the important colleges which have signifi-
cant interest in machining through departments such as:
Aeronautical Engineering; Ceramic Engineering; General Engi-
neering; Industrial Engineering; Mechanical Engineering;
Metallurgical Engineering; Pre-Engineering; Engineering Ex-
tension Groups: Control, Computer and Information Science
Departments; Material and Engineering Sciences; and Techni-
cal Engineering Institutes and Engineering Research Croups
oriented in disciplines of materials and material removal.
Products of the Center have been helpful to college stu-
deiits, some of whom are alrendy engaged in time standards
work, manufacturing engineering, ¢tc., in cooperative work
programs and in summer jobs. Even more important is the
fact that the training of engineers and thus their futurc
professional performance will be influenced through AFMDC' s
activities.
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Informatiun Sources - Listings were compiled from **A Direc-
tory of Information Resources in the United States’’, Na-
tional Referral Center for Science and Technology, Library
of Congress, January 1965. The prime function of the Refer-
ral Center is to direct people to the proper information
sources, including Centers, in the United States. Their di-
rectory contains a large listing of Centers, Technical So-
cieties, Government agencies, etc., which in turn dissemi-
nate information te their various clientele. This directory
was reviewed and selections for the User File were made.

1964 ‘"ASM Index for the Review of Metal Literature’’ - This
list includes societies and trade publications in the United
States, and from it selections were made of those concerned
with material removal,

Manufacturing Technology Division, Wright-Patterson AFB,
Ohio, Report Distribution Lists - It should be noted that
these distribution lists include other Departments of the
Air Force, the Departments of the Army, Navy, Defense and
other Government agencies.

Inquirers - People who request information from AFMDC are
termed “inquirers’ New inquirers not already listed in tke
User File are added to it. Since there have been 4,456 in-
quiries during the 4-3/4 years operation of AFMDC, it is
quite obvious that the file will grow considerably irom this
source alone.

Materials Advisory Board (MAB) Committee on Manufacturing
Requirements for Aerospace Materials and the Ad Hoc Commit-
tee on Aerospace Manufacturing Requirements - This group was
contacted because of its importance in manufacturing plan-
ning at a national level.

Dun & Bradstreet Metalworking Directory - This directory
provides a comprehensive list of firms in the metalworking
field. A substantial aumber of firms listed in the direc-
tory were provided information describing the Center’s
services,

In order to keep the User File current, each individual on the User
File is periodically contacted to ascertain whether he wishes to con-
tinue to be listed and whether there are any changes in position and
address. Names are added to the User File as a result of: 1) inquirers,
2) visitors, 3) additional names submitted by current users, 4) re-
quests resulting from dissemination of data products and 5) technical
articles published in periodicals and announcements pertaining to the
Center.
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Page B indicates that there are listed in the User File a total of 5,315 4
individuals from a total of 2,063 organizations.

Data Code Forms for Final Technical Evaluation (Figure 4, page 7) ]

Figure 4, page 7, is a photograph showing both the front and back of :
Data Code Forms used as an intermediate step between the original docu- !
ment and the punched cards used as input to disk stcrage. The formats :
are designed to handle alphameric information required for some para-
meters and decimal numbers for others, as well as integers. These for-
mats and a book with codes enable the Machining Data Analyst to con-
cisely identify the important information regarding a specific machin-
ing situation, Required decimals are set in the numerical data fields,
thereby further simplifying recording of the data. These forms are then
passed to the keypunch operator, who punches the information contained
in them into Index, Tool-Cutting Fluid and Numerical Data Cards.
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3 These, plus the additional cards used by AFMDC are described as follows:
Card Description
J Inquiry The Inquiry Card is punched with the inguiry information

desired and is used by matchiug key indices in exactly
: the same columns as information which would have been 2
b precoded into the System. o

§ 1 Index The Index Card establishes information available in the
I System by preassigned data index columns and respective

! codes to be matched against inquiries. This card de- r
i ? scribes the machining situation including the machining
L operation, specific material designation, hardness, con-

dition, heat treatment, and broad material group. In ad-
dition to the above “minimum requirements’’, the Index
Card also includes the part configuration conde, tool ma-
terial, machine tool description and the control codes.
The contro! codes provide information on the data source,
its classification and index controls which allow for re-
trieval monitoring. The primary method of access into the
AFMDC information decks is through the Index Card. 3

St

2 Tool - This card defines too! size, shape, and geometry, as well
; Cutting-Fluid as the trade name and manufacturer. It also identifies
ho the trade name of the cutting fluid, the manufacturer

and the concentration of the cutting fluid.

3 Numerical The Numerical Data Card contains actual values of mach- '
i Data ining variables, such as feeds, speeds, depth of cut, k
- hole size, tool life, etc.

Lo 4 Uniterm Tihis card alphabhetically describes special technical

(key word) significance of a document noi covered Ly categories in--
cluded on the Index, Numerical Data and Tool-Cutting
Fluid Cards.

A-6

IR oo

T LR i




T T TSR B AR {91 FURTIRAD Y W WHRSTRESE A E Y RPE

5 Data Link This card provides means for eliminating the recording
of data relevant to different topics or sources. Data
are coded and stored under one control code.

6 Aperture The Aperture Card is used to store and retrieve micro-
films of pertinent curves, drawings or any information
best stored in a graphic manner.

7 Bibliography The Bibliography Card set is designed to present the
Source Document in a formalized, uncoded manner.

8 Potential This card records into the System information on con-
Source nf tracts awarded and other work initiated or in progress
Information which are considered potential information sources. In

this manner, the card helps direct an active data ac~
quisition program. It also serves as a card to store
certain bibliographic information such as author and
organization.

8 Visitor This card has the same format as the Potential Source of
Information Card and therefore serves not only to de-
velop a Visitor File but can and is used to identify
visitors as inguirers and/or potential sources of in-
formation.

9 Tickler The Tickler Card is generated at the time machining in-
formation is committed to the System primarily as a re-
view device for updating, purging, etc., but alseo for
checking on committments for potential sources of in-
formation. Dates for tickler review of data committed to
the System are based upon the times related and shown in
the Classification Code.

Flowchart for Fortran Program io Store, Add to, or Search

Innuiry File (Figure 5, page 8)

The flowchart of the Inquiry File program, shown in Figure 5, page 8,
is an example of the data storage and retrieval techniques used by AFMDC
on its IBM 1130 Computing System. Similar programs are used to maintain
and search files of coded information concerning the documents in
AFMDC’s files, The search strategy incorporated in the Document File
programs is approximately the same as that used by the Inquiry File
program. However, separate programs and files are used for index in-
formation and uniterm information on the document files.

All of these programs perform two fundamental functions: (1) gencrate
and maintain their respective disk files, and (2) perform search and
retrieval operations on their files, under a variety of search strat-
egies. A more detailed discussion of these functions as performed by
the Inquiry File program follows.
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(1) File generation and maintenance. Console Data Switch 0 requests the
program to create a new file of inquiry records on the disk (de-
stroying the existing file, if any). Use of this program function
involves a file protection routine which is not shown in the flow-
chart, Console Data Switch 1 controls the addition of records to
an existiag disk file. This function is used to update the file
each month by adding the coded records of all inquiries received by
AFMDC during that month. Thus, the Inquiry File is no more than one
month behind current inquiries.

(2) Sesrch and retrieval. Bypassing requests for file generation and
maintenance functions transfers control to the search and retrieval
secticn of the program. The operator is asked to specify the para-
meters on which a match between the search specification and disk
file records is desired. Such a match must occur on all parameters
whichare specified as search parameters by thc Console Data
Switches if the record is to be printed on the search output. The
inquiry program allows searches on any combination of the following
parameters: machining operation, work material group, work materia!l
description, hardness, data analyst answering the inquiry, SIC
code of the organization submitting the inquiry, AFMDC internal
codes for the company, division and individual submitting the in-
quiry and the month and year during which the inquiry was pro
cessed. Through the search specification options provided by the
program, one may request searches of various scopes by specifying
more or fewer index parameters for a search to narrow or broaden
the selection of file references. This concept is fundamental to
all of the search and retrieval programs operated by AFHDC.

Qutput of Inquiry File Search (FigureVG, page 9)

The Ingquiry File, which, as of July 31, 1969, contained data pertaining
to 4,456 inquiries, is a very important AFMDC file. Search of this fiie
can prevent duplication of effort in answering identical inquiries or
provide assistance in responding to those which are similar to past
inquiries. Addiiional information about the source of tha inquiry, which
is also stored in the disk file, is used to generate data for AFMDC’s
requi red Monthly and Annual Reports.

Figure 6, page 9, shows the use of Data Switches described in Figure 5,
page 8, as they were utilized to make broad and then selective searches
on the lInquiry File. The first search was made on the uniterm,CUT
FLUID, by having Data Switch No. 5 in the ‘on’ position. When the file
vas interrogeted the machine selected and printed all inquiries for
which the uniterm, CUT FLUID, was used. To be more selective on the
second search, material group 301 (NICKEL BASE HIGH TEMPERATURE ALLOYS)
and material description INCOX750 were addzd to the CUT FLUID uniterm on
the search card. In the third search, the machining operation require-
ment was added s0o that now the search was concentrated on a specific
operation, on a specific material group, one specific material descrip-
tion and a uniterm requiremert. From this type of search, the computer
finds a precise match and prints that information. The number on the
right is a unique number to that inquiry so the inrormation mayhe
reached quite rapidly.
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Qutput of Uniterm File Search (Figure 7, page 10)

The uniterm concept was designed so that technical text important to
material removal operations could be stored and retrieved. Each docu-
ment is assigned uniterms (keywords) which describe the nature of the
text. These uniterms are punched into cards which are stored on disks.

A second card is generated indicating the machining operations and ma-
terial groups associated with the given uniterm. Thus, a selective

search can be umade linking a particular uniterm to a specific machining
operation and/or a material group.

A master list of the uniterms is contained in the code book so that
search strategies may be set up. A search c¢sn be made on 2 single term
or on two terms simultaneously. These terms may be in any position with-
in the card set. The search shown in Figure 7, page 10, is for the Uni-
term, TOOL GEOMETRY (TOOL GEOM) for a given operation, DRILLING (085) of
NICKEL BASE HIGH TEMPERATURE ALLOYS (material group 301). On the right
hand side of the computer printout are the source cortrol codes for the
documents containing the desired information.

Qutput of Final! Technical Evaluated Data (Figure B, page 11)

Figure 8, page 11, is a computer printout of information which has been
extracted from a document which received Final Technical Evalustion.
Note that most of the information extracted by thc Yachining Data Ana-
lyst and coded on the forms in Figure 4, page 7, i~ n. % computer decoded
and printed out. The lines below the heading are the retrieved Tool Ma-
terial, Tool Geometry, Cutting Fluid and Numerical Data associated witn
the particular machining situation described in the Inquiry Card. The
particular search made in this case was for machining data in turning of
INCO718, a nickel base high temperature alloy.

Computer Printout of a Selective Search on Surface

Iniegrity File (Figure 9, page 12)

One of the subjects of highest interest to AFMDC inquirers as indicated
in Figure 19, page 23, is Surface Integrity. Because of the large number
of documents in AFMDC’s storage on this broad subject and the wide vari-
ety of parameters within this subject a special computer file was set
up to facilitaite searching on this subject. The computer program used
on this file iIs basically the same as that used on the Uniteim File
which is described on this page. Figure 9, page 12, is a computer print-
out of a search made on *'Surf Integrity'’ as it pertains to machined
surface in SURFACE GRINDING (160G) of TITANIUM ALLOYS (321). In particu-
lar, the alteration to the machined surface that was requested in the
search was RESIDUAL STRESS.
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Formulae Used in Determining Cost Per Piece In

Face Milling and End Milling (Figure 10, page 13)
ost and Production Rate For Millin Figure 11 age 14)

The use of data shown in Figure 8, page 11, leaves something to be de-
sired for the manufacturing engineer. The printout gives a series of
values to choose from but does not clearly indicate the economics in-
volved. Since the major reason for having adequate data is to help
minimize the cost, the logical question is which set of values will
yield the minimum cost. Basic equations have been developed for turn-
ing, milling, drilling, reaming and tapping which considers the econonm-
ics of each significant element of a machining operation and deter-
mines the machining cost and production rate. The equations developed
for calculating machining costs in face milling and end milling are
shown in Figure 10, page 13. Equations and computer programs have also
been developed for computing production rates. Available representative
hard data processed using these computer programs provide output giving
the cost and production rate and the value of elements which make up the
total cost as shown in Figure 11, page 14. These values give the engi-
neer an opportunity to analyze the elements so that he may decide where
the major contributors to the total cost lie and then work on the criti-
cal areas.

Computer Printout for Investigating Relationships
between Machining Variables (Figure 12, page 15)

Experience has shown that there are some relationships in machining
variables between the various types of machining operations and work
materials, and they can be determined if careful analyses are made using
substantial and reliable data. Manual analyses of this type are diffi-
cult and cumbersome. Determination of existing relationships will be
very valuable for evaluation of new data and filling in gaps in accrued
data. AFMDC is investigating thesz relationships. The computer resolves
much of the difficulty and time required to make the subject analyses.
The computer program has been made operational, and a considerable a-
rount of reliable data is available in punched card form for process-
ing. One of the initial sets of data run through the computer is shown
in Figure 12, page 15.

The particular relationship being investigated in this case is the ef-
fect of hardness on cutting speed and feed. This effect is indicated in
the column titled Percent Change - Speed and Feed. By plotting the cal-
culated values it is possible to determine whether or not a mathemati-
cal equation can be derived that describes the relationship between the
machining variables being investigated.

Inquiry Processing Flow Chart (Figure 13, page 16)
Typical Inquiry Input and Response (Figure 14, page 17)

Respcnses to inquiries are the most important of the services provided
by AFMDC. Strong emphasis is placed on providing specific and detailed
answers to technical inquiries which are transmitted by letter, tele-
gram, telephone or by direct visitation to the Center. A high percent-
age of the inquiries is made via telephone, some because of the urgency
of information requirements and others due to the necessity of discuss-
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ing technical details with the engineering personnel, When required, in-
guirers are contacted to clarify their specific needs. As indicated in
Figure 13, page 16, engineering personnel impose judgments on the in=
quiries and establish the search strategies. Data processing personnel
perform the computer search functions and provide the printouts to the
engineers. The engineers again impouse engineering judgment in the selec-
tion and preparation of the information to be transmitted to the in-
quirer,

An inquiry form and the AFMDC response are shown in Figure 14, page 17,
Note the codes within the blocks on the form which are keypunched and
then stored on the computer Inquiry File.

Summary of Specific Inquiries by Type of Inquiry
(Figure 15, pages 18 and 19)

The statistics shown in Figure 15, pages 18 and 19, point out several
important factors. There has been a constant and substantial rate of
growth in the number of inquiries received and processed at AFMDC. The
average was 69 per month during the first four-year period of the Cen-
ter’s operation. During the last 10-month period the average was 114 per
month. This growth has largely been the result of multiple inguiries
from prior users, new contacts from companies already on the Inquiry
File and contacts from companies who have not previously submitted in-
quiries to AFMDC. Many of the new contacts can be attributed to *‘‘word
of mouth’’' communication of AFMDC inquiries with persons who are in the
field of machining.

Another factor responsible for this growth has been the AFMDC plant vis-
itation program and participation in technical conferences.

In addition to providing information on the varied services available at
AFMDC, Figure 15, pages 18 and 19, indicates trends in the nature of in-
quiries from October 1964 to the present. In particular, it has been
noted that inquiries are becoming more specific and are concerned with
more complex and difficult machining situations. The relative increase
in inquiry types 2, 3, 10 and 16 bears out ithig conclusion.

The inquirer profile has also been relatively changing. A higher per-
centage of inquiries are being received at AFMDC from lower echelon per-
sonnel such as manufacturing or tnol engineers, industrial engineers and
time standards personnel, process engineers, tool designers, shop super-
visors and feremen, planners, estimators, etc. This indicates that AFMDC
is achieving its objective of reaching and sett ing up a direct lineof
communication with not only management, but also with an increasing num-
ber of persons directly responsible for application of machiningdata
and information available from AFMDC.

Analysis of Inquiries by State (Figure 16, page 20)

The analysis of inquiries by state, Figure 16, page 20, provides some
interesting and informative statistics. AFMDC has received inquiries
from 44 states including the District of Columbia. Qver the period Octo-
ber 1, 1964, through July 31, 1969, there have been 4,456 inquiries re-
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ceived and processed by AFMDC. These inquiries have originated from
1,417 different organizations and 2,490 individuals within these orga-
nizations. It is interesting to note that over 75% of the total inqui-
ries and over 77% of the company and individual inquiries were fromlQ
highly industrial states. The specific inquiry statistics for these 10
states are shown in Figure 16, page 20.

General Analysis of Inquiries and Analysis of Inquiries by

Material Group (Figure 17, page 21)

The chart, General Analysis of Inquiries, provides perspective of the
relative complexity of inquiries, processed during the past 3-1/2 years.
Of the inquiries related to given machining operations and material
groups, over 75% were concerned with more than a single machining situa-
tion (one operation on one material group) for the past 3-1/2 years pe-
riod. Over one-third of the inquiries were of the uniterm (keyword) typc.

The Analysis of Inquiries by Material Group helps to provide AFMDC with
perspective of user needs, input requirements, and establishes priority
and extent of detailed technical evaluation of the input. An analysis
of the past 3-1/2 years’ inquiries was made categorizing the materials
invelved by 15 material groups. Figure 17, page 21, shows there has been
a high level of interest for machining data on high temperature alloys,
titanium alloys and refractory alloys. A high total of 1,734 requests
was made for plain carbon, low alloy steels, ultra-high strength and
tool steels covering the 3-1/2 years period. Information for stainless
steels was in high demand as evidenced in the 839 requests. High in-
terest has also been expressed in machining information for non metal-
lics. A total of 388 inquiries has been processed .on this subject.

Analysis of Inquiries by Type of Machining Operation
(Figure 18, page 22)

Added perspective of User needs and in turn AFMDC input requirements are
obtained by analyses such as shown in Figure 18, page 22. Approximately
12,000 requests for iaformation on specific machining operations have
been received during the past 3-1/2 years. For conventional chip removal
types of operations the statistics indicate that emphasis on input and
detailed evaluation should be on turning, face milling, end milling,
drilling, reaming and tapping. For conventional grinding, the highest
interest has been in surface and cyclindrical grinding operations. The
total of 791 requests for information on the alternate machining methods
are indicative of the increasing interests in these machining methods
and alert AFMDC to an important area of its Users’ needs.

Analysis of Uniterm Type Inquiries (Figure 19, page 23)

A high percentage of the inquiries received at AFMDC are of the uniternm
(keyword) type. This machining information is of the technical text
type. The 17 subjects of highest interest for this type of machining
information are shown in Figure 19, page 23. Very high interest has been
expressed for information on surface integrity, numerical control, cut-
ting fluids, surface finish, distortion and time standards,
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Summary of Specific Inquiries by SIC Number (Figure 20, pages 24 and 25)

An analysis of inquiries by type of industry utilizing the services of
AFMDC is shown in Figure 20, pages 24 and 25. The chart presents the in-
quiries by SIC Code, a number which references listings in the Standard
Industrial Classification Manuai, Executive Office of the President,
Bureau of the Budget, 1967. While some SIC descriptions may appear con-
pletely commercial, an analysis of specific inquiries will indicate a
close relationship to DoD requirements, as shown in Figure 21, page 26.

L 3IC Major Group No. 37, Transportation Equipment, is the predominant
PlE group with respect to utilizing AFMDC services. This group encompasses
: three significant industry users of AFMDC, namely: Aircraft and Mis-
siles; Aircraft Engines and Engine Parts and Missile Engines; and Air-
craft Parts and Auxiliary Equipment and Missile Parts. Other SIC Major
Groups who provided relatively high quantities of inquiries to AFMDC
during the past 10 months are: 91 - Federal Government; 33 - Primary
Metal Industries; 34 - Fabricated Metal Products Except Ordnance, Ma-
chinery and Transportation Equijment; 35 - Machinery, Except Electrical;
36 - Electrical Machinery Equipment and Supplies; 73 - Miscellaneous
Business Services; 82 - Educational Services.

E: i Jovernment Agencies and Services Suppurted Directly and Indirectly

by AFMDC Inquiries (Figure 21, page 26)

--% The data shown in this chart are somewhat diff.,cult to compile but by
3 careful analysis of particular inquiries and by an analysis of the prime
3 objectives of principal contractors at various plant locations it has
been possible to show that 1,081 of the 1,141 requests made to the Cen-
ter were stimulated by Air Force, U.S8. Navy, U.S. Army, AEC, NASA, STSP
and SBA projects.

: Summary of Inquiries Processed by AFMDC For STSP and SBA
! (Figure 22, page 27)

AFMDC has taken the initiative in actively participating in the broad
programs of information services being offered in the State Technical
: Services Progranm,

The following steps were taken by AFMDC to attempt to provide aware-
ness of the Center’s services to states having such progranms:

] 1. Personal participation in conferences and meetings conducted by the
.4 states of Illinois, Indiana, Michigan and Vermont.

: 9. Meetings with key persons in the Office of the State Technical Ser-
i 4 vices, Washington, D.C., for the purpose of keying in with the en-
tireState Technical Service Program.

A direct result from these discussions was that AFMDC was chosen
to participate in a Special Merit Project with the State of Ver-
mont, along with another DoD Information Analysis Center; namely,
f PLASTEC.
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The purpose of this Special Merit Program is to evaluate for one
year, on an experimental basis, the feasibility of referring Ver-
mont industry aad business to Federal Information Analysis Centers ;
for answers to their techanical questions. During the month of No-
vember, seven Vermont cities were selected for one day conferences

TR Y DR

at which industry leaders were invited to attend. Between November g
L 6th and 14th, presentations on AFMDC services by the Center’s per- i
' sonnel were given in Rutland, Bennington, Montpelier and Burlington, 1

Vermont , and on November 19th at Springfield.

: 3. During December 1968, AFMDC contacted directors or acting directors
: of approximately 35 State Technical Service Programs, which did not
use the Center’s services to that date. In addition to supplying
each a copy of AFMDC's Fourth Annual Report, other descriptive ma-
terial was submitted.

AFMDC has received and processed 113 inquiries from 19 different State
Technical Services Programs. Between October 1, 1968 and July 31, 1969,
forty one inquiries were provided by various STSP agencies, as shown in
Figure 22, page 27.

The Small Business Administration Programs are concerned primarily with
i technology transfer to small business firms. Essentially the same ap-
i proach and efforts made by AFMDC with respect to the State Technical
] Service Programs were made with the Small Business Administration Pro-
grams. In addition to making available the Center’s inquiry services to
these programs, AFMDC has directly participated in three technical con-
ferences set up by SBA and has accepted invitations to participate in
two such conferences scheduled for early fall 1969.

ot g

To date, AFMDC has received and processed 47 inquiries from 12 regional
offices of SBA. Of these 47 inquiries, 40 were received during the last
ten-month period as shown in Figure 22, page 27, indicating the increase
participation of SBA with AFMDC.

Companies and Agencies Submitting Inquiries to AFMDC

(Figure 23, pages 28-39)

Summary of Specific Inquiries Ly Companies Making
Five or More Requests (Figure 24, pages 40 and 41)

e

Figure 23, pages 28-39, presents a total of 1,417 individual companies
and divisions which have been inquirers of AFMDC, an increase of 279
organizations during the last 10-month period. These are listed on pages
37, 38 and 39 of Figure 23. This is a comprehensive list. Figure 24, ;
pages 40 and 41, includes a summary of the 455 organizations (includes :
the divisions of each organization listed) making five or more requests.
This group has provided 3,049 of the 4,456 inquiries processed by AFMDC
to date. This represents over two chirds of all inquiries submitted to
AFMDC. The multiple requests for machining information from the listed
455 organizations are considered to be a good criteria for the value
placed on AFMDC’s services. This list reflects high interest in AFMDC
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information on the part of aserospace industry, as represented by com-
panies such as Aerojet-General Corporation, The Boeing Company, Curtiss-
Wright Corporation, General Dynamics Corporation, General Electric Com-
pany, Goodyear Aerospace Corporation, Grumman Aircraft Engineering Cor-
poration, Hughes Aircraft Company, Lockheed Aircraft Corporation, Martin
Company, McDonnell Douglas Corporation, North American Rockwell Corpora-
tion, Pratt and Whitney Aircraft, TRW Inc., Tinker Air Force Base and in
fact Wright-Patterson Air Force Base itself.

Photograph cf AFMDC Data Products (Figure 25, page 42)
Photograph of AFMDC Titanium Booklet (Figure 28, page 43)
Typical Formats for Data Presentation (Figure 27, page 44)

Planned data products have proven to be important output to AFMDC Users.
In addition to providing valuable and timely data, these products serve
as a direct line of communicaticn with the Users of the Center. Excel-
lent response has been received to; the 13 data products prepared and
issued to date. Some of these products are shown in the photo in Figure
25, page 42, and the formats are displayed in Figures 26 and 27, pages
43 and 44, Careful thought was given to the preparations of the products
to present the machining recommendations in complete but concise form in
order to make easy and effective use of them.

Over 1,500 recommendations for different machining situations are con-
tained in the data products prepared to date. These recommendaticns
offer great potential for vast machining savings by industry. It has
been very conservatively estimated that the 17,833 copies of the data
products distributed through July 31, 1969, have resulted in an esti-
mated saving of 26,749,500.00 dollars. More detailed discussion of all
the estimated savings resulting from AFMDC’s services is provided in @
later portion of this report.

Description and Distribution of AFMDC Data Products (Figure 28, page 45)

There were two priwary means used for publicizing the data products.

AFMDC prepared thice separate data product announcements and ent then
to the User File which now consists of 5,315 individual names. A second
means used for reaching persons who would have an interest in the data
products was accomplished by sending copies of these documents to about
60 editors of technical periodicals. Each of these were encouragedto
publish announcements of the products and print typical data sheets.
This not only stimulated interest in the data products, but also in the
Center’s services in general. Numerous inquiries were submitted to the
Center each time a periodical published the information provided by
AFMDC.

The fine response for data products is indicated in Figure 28, page 45.
A total of 17,833 copies were distributed, most of which were to the
User File and some as direct response to inquiries.
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Data Acquisition Plant Visit Program (page 46)

To date AFMDC personnel have visited 56 plants for the purpose of ac-
quiring machining data from them on a regular basis. Emphasis was placed
on visiting aerospace firms, Yisits to all plants were satisfactary and
there was general interest in this project. Many of the plants have
taken steps to make necessary arrangements for transmiiting data. Over
400 reports of high data yield have already been received from these

plants. Follow-up is being made in the form of correspondence and pe-
riodic visits.

During all visits detailed information was provided concerning AFMDC’s
organization and how it functions. Effort was made to reach directly or
through responsible supervisory personnel the lower echelon manufactur-
ing and manufacturing engineering people who need data for immediate
application to machining of hardware. The effect of this approach was

noted in the significant increase in inquiries received from most of the
companies visited.

Code Sheet for Project Time Card (Figure 29, pages 47 and 48)
AFMDC Daily Time Slip (Figure 30, page 49)

Computer Printout of AFMDC Project Time Cards (Figure 31, page 50)

The code sheet provides the basic approach to AFMDC System Costing. Ap-
proximately 100 individual time codes are in current use. It has been
simple for individuals to maintain time records because relatively few
time codes are used by any one person during a given day and the use of
the same codes is repeated from day to day. Figure 30, page 49, shows a

Daily Time Slip which indicates the manner in which individuals record
their time.

The information from these time slips is punched into cards and the in-
formation is stored in the IBM 1130 computer. Figure 31, page 50, is a
copmputer printout of AFMDC project time cards.

Figures 32 and 33, shown on pages 51, 52 and 53, reflect the use made of
project time card data. These records are available for making even more
detailed analyses when required. For example, it would be possible to

analyze the cost for a particular project, such as a special report re-
quested by DoD.

AFMDC Operating Costs {(Figure 32, page 51)
AFMDC Input and Output Summary (Figures 33, pages 52 and 53)

Figure 32, page 51, shows the operating costs for the past ten months
broken down into five major groups: 1) Input, 2) Output, 3) General
Dissemination, 4) Reports and 5) Systems Analysis, Modification and Con-
trol. A summary of these costs follows:

i
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Summary of AFMDC Operating Costs
October 1, 1968 - July 31, 1969

Major Group Cost % of Total Cost

Input 91,562.24 40.9
Output 88,733.59 39.6
{unoral Dissemination 5,693.64 2.5
Weports 21,036.57 9.4
Systems Analysis,

Modification and Control 16,933.90 7.6
Total Operating Costs $223,959.94

it is significant to note that the output costs represent 39.6% of the
total operating costs. This is considered to be a relatively high figure
for an information -analysis center.

The chart in Figure 33, pages 52 and 53, presents various summarjes of
AFMDC input and output. As of July 31, 1969, there were 19,721 evaluated
documents in AWMDC’s storage. The important informatior from these doc-
uments has been extracted, coded and punched into 149,951 cards and
stored on the IBM 1130 Computer. Unit costs for processing of inquiries
are cited in Figure 33, pages 52 and 53. It can be noted that the aver-
age cost for processing an inquiry has remained relatively stable over
the 4-3/4 years’ operation of AFMDC despite the increasing complexity of
inquiries. The growth in engineering and data processing experience as
well as the number of documents in AFMDC storage are the main reasons
for being able to handle more complex inquiries without significant
change in average cost.

Economic Environment For AFMDC Operations (Figure 34, page 54)

The importance of the machining industry on our economy is clearly il-
lustrated by the fact that the total costs of labor and overhead alone
for chip removal in the U.S. is 40 billion dollars annually. This con-
servative estimate is based on the total of approximately 2,500,000
metal cutting machine tools in active use, 8 hours per day, 5 days per
week and an average of labor cost + overhead of $8.00 per hour. Further
perspective of the magnitude of impsrtance of this industry is gained
by reviewipe other statistics. An article titled, 69 Outlook, Part 1,
Economic », published in the American Machinist, January 27, 1969, re-
ports that metalworking manufacturers shipped about 246 billion dollars
worth of goods in 1968, which represented 2§.6% of the Gross National
Product. Machining, naturally, is a very important segment of the metal-
working field. The same article cites statistics on research and de-
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velopment spending. Quoting this article, ‘“In 1968, research and devel-
opment expenditures by metalworking manufacturers topped 14 billion
dollars, accounting for nearly 80% of the total spent by all industry
for R & D’’.

Potential for AFMDC Services to Industry (Figure 35, page 55)

The statistics shown in Figure 35, page 55, indicate that five major
SIC Groups provide a vast potential for utilization of AFMDC services
and they have been the primary groups submitting inquiries to AFMDC.
The left-hand side of the chart, Figure 35, page 553, provides a statis-
tical summary of metalworking plants comnsisting of a partial SIC list
taken from Dun and Bradstreet Metalworkirg Directory, 1967-68. The right

hand side of the chart summarizes AFMDC inqu.ries for the same SIC clas-
sifications,

As would be expected, the largest number of inquiries have been re-
ceived from Major Group 37, Transportation Equipment. Four of the SIC
Industrial Classifications within this group are: 3721 - Aircraft and
Missiles; 3722 - Aircraft Engines and Parts; 3723 - Aircraft Propellers
and Propeller Parts; and 3729 - Aircraft Parts and Auxiliary Equipment.
A second significant source of inquiries is Major Group 35, Machinery
Except Electrical. Some of the important industries included in this
group are Machine Tools-Metal Cutting Types, Machine Tool Accessories
and Measuring Devices and Machine Shops - Jobbing and Repairing. The
statistics from Dun and Bradstreet’s Metalworking Directory display a
vast economic environment for AFMDC operations. Metalworking is the
prime activity for five major groups alone, comprised of 29,431 conm-
panies (20 or more employees), employing 6,900,557 individuals. There
are 20,063 other companies (20 or more employees), for which metal-
working is a secondary activity. Dun and Bradstreet reports that 21,364
of the 38,383 listings in its Metalworking Directory perform machining
operations. Although no specific statistics can be quoted, there is no
doubt that there is even a larger number of firms (employing less than
20 individuals), whose major activity is machining. Considering that to
date there has been a total of 1,417 organizations which have submitted
inquiries to AFMDC speaks for itself regarding the potentiel increase
in services that is possible to the machining industry.

Cost Savings Resulting From AFMDC Operation (Figure 3¢, page 56)

The base used for estimating cost savings resulting from AFMDC’s opera-
tion is a machining situation which is defined as a specific material
removal operation being used on a specific material with definite chemi-
cal, physicai or mechanical properties. There are many specific para-
meters that make a machining situation complex. The parameters include:
machining operation, work material and its metallurgical and physical
characteristics such as, microstructure, hardness, strength, modulus of
the elasticity, etc., the part conf:guration, dimensional and surface
finish tolerances, the machine tool being utilized, tool material, tool
geometry, cutting fluid, cutting speed, feed and tool life.
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This inherent complexity of a machining situation naturally reflects it-
self in u high cost required to develop the proper combination of para-
meters needed to effectively perform a given machining operation.

Several members of the AFMDC staff have had direct and extensive experi-
ence in the development and application of machining data, particularly
in aerospace plants. A major part of the experience has been in increas-
ing productivity of existing machining operations, establishing effec-
tive machining parameters for new production operatioas and solving pro-
blems being encountered on critical operations.

It has been the experience of the staff members of AFMDC that the selec-
tion of the proper combination of machining parameters can result in
major cost savings. The most common method practiced in arriving at a
workable set of conditions is that of "hit or miss". This is a costly
method and manifests itself in high expenditure of time, broken cutting
tools, costly scrapped parts and schedule delays. One alternative is
the systematic generation of the required machinability data in a mach-
inability laboratory or on a production machine. This method is effec-
tive but also time corsuming and costly. Ofttimes, production schedules
do not permit the required time.

The concensus of these AFMDC staff members is that the dollar value of a
set of recommended parameters for one machining situation given 1in re-
sponse to am ipquiry is very conservatively $800.00, and usually runs
into thousands of dollars. Thus, the $800.00 value assigned in the cost
analysis for a set of evaluated parameters applicahle to a specific ma-
chining situation is indeed ultra conservative. This is particularly
true in the case of a specific inquiry for which there is almost invari-
ably an immediate need for reliable data.

For the purposes of this report a value of $300.00 was assigned for the
cost saving resulting from the application of one set of data utilized
from an AFMDC data product. Each data product issued from the Center was
in response to an AFMDC data product announcement, or was sold. A rela-
tive few were used in response to an inquiry in those cases where the
data product was directly applicable. It is reasonable to assume that
each individual who received an AFMDC dat=a product had a need fcr some
portion of the published data. Each of the data products contain hun-
dreds, and in some cases thousands, of recommendations for machining

situations. In the cost analysis presented in this report it has been
assumed that only the one individual who received the data product used
it. Further, it was assumed that he applied only five machining situa-
tions from the product. These assumptions are most conservative.

Very couservatively it has been estimated that a total of $45,093,500.00
cost savings to AFMDC Users has resulted from the operation in 4-3/4
years., These savings are attributed to the Center’s response to specific
inquiries and its data products. Figure 36, page 56, presents the per-
tinent statistics used to make the aforementioned estimated cost sav-
ings. Conaidering the total funds made available to AFMDC during this
4-3/4 year period, for each dollar expended there was a return of ap-
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proximately $45.00 in effected cost savings. If the survices provided
by AFMDC were nct available, the cost to the Government and industry
would by fer exceed the $45,093,500.00 figure. This conclusion was sub-
stantiated by exemnples provided by industry of the value of the Cen-
ters’ services and cited in an AFMDC report, *‘Cost Savings Resulting
From The Operation Of The Air Force Machinability Data Center’’, July
29, 1968.

Considerzble value must also be placed on what timely and reliable ma-
chining information has on eliminating or minimizing production delays.
It is not possible to assess dollar values for such cases, but signifi-
cant emphasis should be placed on the impact of production delays. An-
other value of r-'iable muachining data that is extremeiy difficult to
place in termy of dollars is its importance on the quality and integ-
rity of machined parts. The majority of companies involved in machirning
dc not have prvoper facilities or capability to develop good reliable
machining data. Those that generate this data do so 2t a very high cost,
very ofien at the expense of the Government.

AFMDC Plans For Recovery of Qutput Costs {Figure 37, pagz 57)

In July 1968, Mr. John S. Foster, Jr., Director of the Defense Kesearch
and Engineering, Department of Defense, issued a memorandum titlad,
‘‘Plans for Charges at Informaticn Analysis Centers’’, Mr. Foster re-
qnested a plan whereby all output costs encountered by AFMDC be recov-
ered by an orderly transition to a schedule of charging for services
provided by the Certer. Such a plan has been developed.

The three services provided by AFMDC that are considered output
are:

1. Answers To Specific Inquiries
2. Data Products
3. Special Seminars

The most signi:icant area of the three with respect to cost is answering
of specific inquiries. Therefore, the major effort made in developing a
plan was devoted to this aspect of AFMDC output. An analysis was made
of a cross section of AFMDC inquirers and the estimated cost savings as-
sociated with the inguiry services to them (see Figure 37, page 57). The
analyses of inquiries consisted of identifying the number of machining
situations involved and assigning a cost saving of $800.00 per machining
gsituation. The proposed inquiry charges were then calculated, tusing as
4 base the saving of $50.00 for each one dollar invested. lUsing the in-
quiry anclyses as a base, fourteen major company users were contacted
relative to their reaction to subscription fees for AFMDC inquiry ser-
vices. Based on these contacts and the Center’s judgements, the plan for
recovery of inquiry output costs was prepared.
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To simplify the paper work involved in charging for inquiries against
an annual subscription fee, AFMDC will categorize inquiries by the fol-
lowing five types:

1. Information on several operations on several material groups.

2. General machining concepts (uniterm type) inquiries, such as in-
form-tion on cutting fluids, swrface integrity, safety practices,
tool material properties, eic.

3. Information pertaining to new machining processes, machinability
research, setting time standards and production rates in machining.

4. Recommendations for a specific machining situation and comparison
of one material or process with another.

5. Requests for specific documents, reports, books, papers, abstracts,
bibliographies, evaluations or translations of reports, books or
papers.

Different charges will be made for each category of inquiry depending on
its complexity.

[ Potential subscribers to AFMDC inquiry services will be given detailed
i 3 information on services that have been provided to them. This will in-
g clude synopsis of inquiries, the persons who received the inquiry re-
; sponses and the estimated cost savings associated with the inquiries.
i Thus, management can use this information to evaluate the impact that
! AFMDC services had in the solution of machining problems and the resul-
tant cost savings.

The Center will continue to prepare timely and useful data products. It
is planned that charges for these data products will be such that they
b will offset the cost of their preparation and printing. A very important
i data product that will become available to the machining industry Sep-
?? 1 tember 1970 is a revision of the Machining Data Handbook. Considerable
b additions and revisions will be made to the current edition of the hand-
EQ book.

. AFMDC plans to periodically conduct special seminars on subjects of high
3 interest. Costs involved with these seminars consist of preparation of
technical material, time spent at seminars, travel cost and cost for
published material to ke disseminated at the seminar. To recover these
costs attendees will be charged the appropriate feces.

pecim B

Future Planning (page 58)

It is planned that a revised Machining Data Handbook will be published
in September 1970. The current edition contains 605 pages of which 410
are concerned with machining recommendations. The balance of the book
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consists c¢f various other useful machining information. The revision
will not only update the existing machining data and information, but
will also have major additions. It will require considerable effort to
perform this task.

AFMDC, as well as other DoD funded Information Analysis Centers were re-
quested to plan for recovery of output costs. A broad plan was devel-
oped, but considerable detailed work must be accomplished prior to the
time when inquiry scrvice charges are instituted. This work involves
preparation of cost savings analyses related to inquiry responses to the
important AFMDC Users. These analyses and related information are nec-
cessary for the management of potential subscribers to AFMDC in order to
to make cost decisions.

An orderly transition to a schedule of charging for inquiry services
will begin during the first half of calendar year 1970.

Preparation of data products is a major output of the Center and re-
quires substantial effort and cost. Recovery of cost is entirely de-
pendent on the sale of these data products. For the next data product
to be completed, namely, the Revision of the Machining Data Handbook, it
will be necessary to have a high volume of sales of this book in order
to recover costs incurred in its preparation and publication. It is
planned to generate high seles volume by sending announcements to the
approximately 5000 persons in the Center’s User File, by use of mailing
lists obtained from various sources listing organizations in the ma-
chining field and by effecting announcements in technical journals of
the availability and content of the handbook.
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